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(57) Abstract 

Disclosed are methods and compositions for identifying malignant tumors that overex press the c-erbB-2 oncogene. Assays 
useful •fbr^diagnosis and prognosis of neoplastic disease are provided which delect the external domain of c-erbB-2 5 the glycop.o- 
tein^p75 and quantitate the level of gp75 in the biological fluids of mammals carrying a tumor burden. Further disclosed are rec- 
ombinant svhtheticallv anH otherwise biologically produced novel proteins and polypeptides which are encoded by the external 
dbmaih DN^A sequence of the c-erbB-2 oncogene (the gp75 gene) or fragments thereof. Such gp75 proteins and polypeptides are 
useful as vaccines, therapeutical! v in the treatment of cancer either alone or in combination with chemoihe.rapc.uuc agents. Also 
disclosed are antibodies to such gp75 proteins and polypeptides which are useful diagnostically and therapeutically. Still further 
disclosed are test kits embodying the assays of this invention. 
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Oer.bB-2 External Domain: GP75. 

10 



This invention is in the fields of biochemical 
engineering and immunochemistry . More particularly, this 
15 invention relates to recombinant DNA molecules expressed 

in appropriate host organisms as well as hovel proteins 
and polypeptide fragments thereof which can be produced 
recombinantiy, synthetically or by other means, Lach as, 
the fragmentation of biologically produced proteins and 
20 polypeptides . The recombinant DNA molecules of this 

invent i are character i z ed by the DNA which codes for 
p£ot£ins arid pbiypept ides from the external domain of the 
c-erbB^2 6nc$$eiie ^h^jch--- As herein designated glycoprotein 
75 (^[P^S) The- seirolbgi active, immunogenic and/ or 

2-§. antigen ^polypeptides are useful as reagents 

f;or the immunq^pgicai detection of gp7 5 in the body fluids 
., of ^cancer pafe^ a diagnostician to make 

: ; > ^ the status and prognosis of the 

■ 'y/r^'-^ti^r^B^ and^f or.; the -production of antibodies and for 
di6 ; ' ; / : raf&d^ Central to this invention are 

draghos^^ defect gp75 in body fluids 

\'_ of ma^'al^s> • 'tt)^:/kx^^esrsed or synthetically' or 
/to and polypeptides of this 

. -^^v?^ as vaccines for enhancing the' 

3S r ^ of cancer patients to tumorigenic 

v r ^;ctiv'ity - arid of recovered cancer patients to subsequent 
^umbi^ig eni e ch a 1 1 6 hg e • Still further, said gp75 proteins 
arid polypeptides are useful therapeutically in dampening 
the tump.rdgenic activity of c-erbB-2 expressing cells. 
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The mechanism for malignancy of mammalian cells has 
been and continues to be the subject of intense 
investigation. One of the most promising areas is the 
elucidation of how oncogenes are turned on and turned off. 
A number of oncogenes have been shown to play an important 
role in causing cancer. The proteins encoded by oncogenes 
function abnormally and seem to play a part in ordaining 
the transformation of a normal cell into a cancer cell. 
Oncogenes were first detected in retroviruses, and then 
cellular counterparts of the viral oncogenes were found. 
A retroviral gene responsible for rapid oncogenesis was 
first identified in the early 1970's in Rous sarcoma virus 
(RSV) , which causes cancer in chickens; the gene was named 
src:, for sarcoma. In 1975, it was found that the viral 
src gene (v-src) has a nearly exact copy in all chicken 
eel Is ; the cellular counterpart of v^src is c-sre. 

A score of oncogenes have since been isolated from 
0 retroviruses that variously cause carcinoma, sarcoma, 

leukemia :or l^fehoma in chickens , other birds, rats, mice, 
cafcs oir monkeys . In each case, the oncogene has been 
found to be closely related to a normal gene in the host 
animal and to encode an oncogenic protein similar to a 
■ nprmM .prb^teiru 

^ncog^nesi were also discovered in human and animal 
t is sues . Genes i n the DN A o f various kinds o f tumor 
xreMrS:, ^wh^en introduced by trans feet ion into normal 

jfe ctil^r ed' c e 1 transform them into cancer cells. Such 
bnGpgehes are also virtual copies of prdto^oncogenes . 
Whatever the specific mechanism converting a 
protor-onGogene into an oncogene may be, an oncogene exerts 
ifcs effect by Way of the protein it encodes. The products 

35 of the proto-oncpgenes from which oncogenes are derived 

appear to have roles that are critical in the regulation 
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of cell growth and differentiation and in embryonic 
development- Transforming proteins may have their 
profound effects on cells because they disturb these 
fundamental cellular processes. 

5 

Enzymatic activity in catalyzing the addition of a 
phosphate molecule to an amino acid (phosphorylation) is 
known to be important in the control of protein function. 
The enzymes that phosphorylate proteins are called protein 
10 kinases (from the Greek kinein, "to move") . Almost 

one-third of all the known oncogenes code for protein 
kinases specific for tyrosine residues. 

Epidermal growth factor (EGF) and platelet-derived 
15 growth factor (PDGF ) , when added to a culture of 

nondividing cells, stimulate the cells to divide. EGF and 
PDjGF deliver their signal by binding ^o specific protein 
receptors embedded in Che cell • s plasvaa membrane. When the 
receptor prdt e in for EGF was isolated, it was found to be 
20 associated with^^ tyrosine kinase activity, which is 

stimulated vh£n an EGF molecule binds to the receptor. 
The PDGF r^c^ptpr was then shown to have similar enzymatic 
function . 

^5;- A human pr ot p r o> irtcog ene having tyrosine kinase 

■ activity W three research groups : Semba 
et al . , W^MM&v^^ 6497 (1984) (designating the gene 
c- erbB -23 r GouWsens fet al. , Science , 230 :1132 (1985) 
( d^ signa t i ihg t lie g e n e HER2 ) ; and King et al. , Science. 
30 229 :974 f 5i) (designating the gene MAC117) . A related 

irit gene pe^igiLat^ci neu j was reported by Schecter et al. , 
Science. 229:97* (1^85) . Amplification of the gene and/or 
increased translation of expression of the gene has been 
observed in tumor cells and cell lines. [See, for 
35 example, Fukushige et al. , gol. Cell . fiifil. , 6:955 (198 6) 

where amplification and elevated expression (mRNA) of the 
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gene were observed in the MKN-7 gastric cell line; 
Coussens et al., supra f where elevated transcription of 
the gene was observed in cell lines from a hepatoblastoma, 
a Ewing sarcoma, a rhabdomyosarcoma, two neuroblastomas, 
and a Wilms tumor; Semba et al . , supra , where the gene was 
observed to he amplified in a human salivary gland 
adenocarcinoma; King et al., supra . where amplification 
was observed in a mammary carcinoma cell line; Yokota et 
al. , Lancet . 1:7 56 (1986) where amplification of the gene 
was observed in breast, kidney and stomach 
adenocarcinomas; and Tal et al . , Cancer pes . , 48 : 1517 
(1988) where sporadic amplification of the gene was found 
in adenocarcinomas of various tissues.] 

The c-erbB-2 receptor is closely related to but 
distinct from the EGF receptor. Like the EGF receptor, 
the cr-erbB-2 protein has an extr ace 1 lular domain, a 
transmembrane domain that: includes two cysteine-rich 
repeat clusters, and an intracellular kinase domain; but 
the c^erbB-2 protein has a molecular weight of 185,000 
daltpns (18|5;;icci) wfreireas the EGF receptor has a molecular 
weight of about 170k [Schechter et al. , Nature . 3 12 ; 513 
(1984) ] . Hunter , Sol . , 251 : 70 at 77 (1984) , 
postulates that the c-erbB-2 protein (gpl85) mimics the 
tyrosine kinase action of the EGF receptor but in an 
unregulated way. \ 

Tyrosine kinases can be divided into two functional 
groups: those in which the product of the c-src gene is u 
0 prototype, arid those that function as cell surface 

receptors. At least twelve mammalian tyrosine kinases 
have been identified as being associated with cellular 
growth factors or their receptors. Three of these 
oncogenes share strong homology with growth factors [c-sis 
5 with platelet-derived growth factor (PDGF) , hst and int2 

with fibroblast growth factor (FGF) ] . Others share strong 
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homology with the growth factor receptors [c-erbB with the 
epidermal growth factor (EGF) receptor, fms with the 
colony-stimulating factor (CSF-1) receptor] for which 
ligands have been identified. The remaining seven, namely 
5 eph, e-erbB-2, c-kit, met, ret, c-ros, and trk, may be 

receptors with ligands, but to date the ligands have not 
been ident i f ied . 

There is now mounting evidence that some cells become 
10 tumor ig en ic due to alterations in their cell surface 

receptors. These alterations can consist of genetic 
rearrangements, point mutations, or gene amplifications at 
the DNA, RNA, or protein level [Drebin et al. , 2nc_oseiie, 
2:; 387 (1988) ; Bargmann et al,, Cell , 45: 649 (1986); Der, 
15 Clin. Chem. , 22:641 (1987)]. Although some of the 

above~ref erenced receptors are present on the surface of 
normal cells, and the over express ion of certain oncogenes 
has been shown to correlate with tumor igenic activity; 
such is the case of c^erbB-2. 

20 

It has now been observed that the c-erbB-2 oncogene, 
which is capable of transforming cells to malignancy, is 
pre sent in some tumors at very high levels [Zhou et al., 
Cancer Research . 42: 612 3 (1987); Berger et a)., Cancer 
25 Research. 48:1238 (1988) ; Kraus et al. , The EMBO Journal , 

£ ( 23 : 6 0 5 <^9;87) ; and Slamon et al. , Science, 235: 177 
(1:987) ] . The expression of the c-erbB-2 oncogene , and its 
location in the external membrane of cells appears to be 
closely assiDciafeed with cancer [Kraus et al. , i£; Slamon 
m et al. , M; Drebin et al.. Ceil, 4JL:695 (1985) ; and Di 

Fiore et al. , Science , 237:178 (1987) ] ; it may, in fact, 
be the primary event in the development of cancer in at 
least some cases [Muller et al., Cell, M:105 (1988) ) . 
Over expression of the c~erbB-2 protein on the surface of 
35 normal cells appears to cause them to be transformed or 
otherwise behave as tumor cells. [Drebin et al. , supr 3 ; 
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Di Fiore et al., supra ; and Hudziak e + : al. , PNAS (USA) , 
84:7159 (1987) . ] 

Further, patients with high levels of expression of 
5 the c-erbB-2 oncogene have been shown to have a very poor 

clinical prognosis [Slamon et al. , Scienc e , 2? 5,: 177 
(1987)]. This correlation between the overexpression of 
c-erhB-2 and a poor prognosis can yield information of 
both diagnostic and prognostic value [Kraus et al., The 
10 EMBO Journal , 6:605 (1987); and Slamon et al., id] . A 

decision on the extent of clinical therapy required by the 
patient can be made based on the ability to detect 
overexpression of the c-erbB-2 oncogene or protein. 

15 Antibodies can be used to detect c-erbB-2 expressed 

in tumor tissues by tissue slice evaluation or 
histopathology . The methodology has demonstrated that 
useful prognostic indications can be achieved [van de 
Vijver et al. , Mol, and Cell Biol . , 7:2019 (1987); Zhou et 
20 al. , Cancer Jes , , 47.: 6 12 3 (1987); Berger et al. , Cancey 

Res . , 48:1238 (1988); Kraus et al., supra (1987); and 
Slamon et al. , supra 1 ■ There are, however, many cases in 
which tissue is not readily available or in which it is 
not desirable or not possible to withdraw tissue from 
215 tumors. Therefore, there is a need in the medical art for 
rapid;, accurate ; diagnostic tests that ar e convenient and 
nbnrrtraumatic £o patients. The invention claimed herein 
meets said need by providing for non- invas i ve d iaghpstic 
assays to dej t e c t over expr e s s i on of c-erbB-^2 in mammals. 

Smith et al. , Science , 23 8:17 04 (1987), reported that 
excess of a soluble membrane receptor (GD4 antigen) blocks 
HXV-1 infectivity. 



Soluble, secreted forms of CD4 were produced by 
transfection of mammalian cells with vectors encoding 
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versions of CD4 lacking its transmembrane and cytoplasmic 
domains. The soluble CD4 produced is reported to bind 
HIV-l's envelope glycoprotein (gpl20) with an affinity and 
specificity comparable to intact CD4 . 

5 

Weber and Gill, Science 224.:294 (1984), reported that 
human epidermoid carcinoma A4 31 cells in culture produce a 
soluble 105 kd protein which they determined to be related 
to the cell surface domain of the EGF receptor. They 
10 further determined that the soluble receptor 105 kd 

protein was not derived from the membrane-bound intact 
receptor but separately produced by the cell. 

Hearing et al., J. Immunol . . 137(1) '379 (1986), 
15 demonstrated that the immunization of mice with a purified 
mouse melanoma-specific antigen conferred resistance to 
subsequent challenge with mouse melanoma cells in a 
syngeneic host. 

20 Bernards et al., PNAS (USA) . jBJ.:6854 (1987), 

demonstrated that a recombinant vaccinia virus expressing 
the external domain, the transmembrane anchor domain and 
about 50 amino acids of the intracellular domain of the 
rat equivalent of the human c-erbB-2 oncogene, the "neu" 
25 oncogene, when used to immunize mice, conveyed protection 

to a subsequent challenge with neu expressing tumor cells. 

It is noted therein that the ectodomain (externa, domain) 

of the rat neu protein is a nighly immunogenic determinant 

in tumor-bearing mice (strain NFS) . 

30 

Aaronson et al., NTIS (National Technical Information 
Service) application entitled "A Human Gene Related to but 
Distinct from EGF Receptor Gene." (USSN 6-836,414; filed 
March 5, 1986), describes the cloning, isolation and 
35 partial characterization of a v-erbB related human gene 

that is a member of the tyrosine kinase encoding family of 
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genes and is amplified in a human mammary carcinoma. Said 
gene has been determined to be c-erbB-2. That application 
describes as objects thereof to provide the following: 
antibodies directed against the protein product encoded by 
said gene and a diagnostic kit containing said antibodies 
for the detection of carcinomas; products encoded by the 
gene; cDNA clones being able to express the protein in a 
heterologous vector system; transformed cells or organisms 
capable of expressing the gene; and nucleic acid probes 
and /or antibody reagent kits capable of detecting said 
gene or protein product. Said application further 
suggests the therapeutic use of antibodies specific for 
the gene product which have been conjugated to a toxin, 
and suggests that if a ligand exists for the v-erbB 
related gene that it also could be used as a targeting 
agent. 

Cline et al., U.S. Patent No. 4 f 699, 877 (filed Nov. 
20, 1984), describes methods and compositions for 
detecting the presence of tumors, wherein a physiological 
sample is assayed for the expression product of an 
oncogene . 

Di Flore et al. , Science, 237 : 178 (1987), notes that 
a wide variety of human tumors contain an amplified or 
overexpressed erbB-2 gene. To establish that a 
1 igand-r eceptor interaction was not required for 
transformation by the erbB-2 protein, pi Fiore et al. 
engineered constructs such that sequences encoding the 
NH2 -terminal 621 amino acids (from the external domain) 
were deleted. Their findings suggested that the 
NH2 -terminal truncation, M if anything, increased the 
transforming activity of the erb B-2 protein" (at p. 180). 

Aboud-Pirak et al., J. - Natl Cancer Inst . , 80(201 : 1605 
(1988) , reports that monoclonal antibodies against the 
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extracellular domain of the EGF receptor reduced in vitro 
clone formation of human oral epidermoid carcinoma cells, 
-When the ahti-EGF receptor antibodies were added together 
with^ tisplaiin,^ the antitumor effect of these agents was 
^0iMwjx: -to ii& s y h e r g i s-t ie iji vivo . 

Beriger et ai v , Cancer ^s , , 48: 123 8 (1988) , reported 
■ o3' : -51 DNA samples (253) from primary human 

-;; : fi£e;a^ copies of the e-erbB-2 

iggn^^ was a statistically 

c-erbB~2 proteirr 
j|x|r&^ in brfeast cahcar .$&§$ti&sL$r. 

Berger et ?=ai. : p:ot$dV 




lllfl* : ^^ lines [Krsus et al. , 



demonst:ra^e(te€hat 
gene was correlated, ^witrh;^# 
ixilllairy lyrn|)h ^diss , with 
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:'ancer Cells 7 /Molecular Diagnostics 



2l Hi^a^a Cancer , p. 371 (Cold Spring Harbor Lab. 1989), 
reported that sequence analysis of several cDNA clones 
from human breast cancer tumors indicates that, unlike the 
rat neu gene, mutations in the transmembrane domain may 
not be an absolute requirement for alteration of the gene 
product. Instead, the data are consistent with an 
alteration involving overexpression of a normal product* 



10 Drebinet al., Cql3, , ±1:695 (1985), reported that a 

monoclonal antibody against neu gp!85 causes 
neu -transf ormed NIH 3T3 cells to revert to a 
nontransf ormed phenotype, as evidenced by loss of 
capacity for anchorage-independent growth. Drebin et al r 

15 Oncogene , 2:387 (1988), demonstrated that monoclonal 

antibodies reactive with the ceil surface external domains 
of gpl&5 can directly inhibit tumor growth in vitro and 
in vivo . 



20 Masuko &t al., Japn . £. Cancer Res . , £0;10 (1989), 

describes a murine IgM monoclonal generated against human 
c-erbB-2 gene-transf ected NIH 3T3 cells, that was reactive 
with a portion of epithelial tumor cell lines including 
stomach cancer, colon cancer and liver cancer cell lines, 

25 but not with any non-epithelial cell lines. 



Yarden arid Weinberg, PNAS(USA) . ££: 3179 . ( 1989) , using 
the ner^ oncogene as a model system, developed several 
exper imen t a 1 appro a ch e s for the detection of hypothetical 
30 ligands for oncogenes encoding transmembrane tyrosine 

kinases that have structures reminiscent of growth factor 
receptors. Suggested therein is a candidate ligand of the 
neu-encoded oncoprotein secreted by fibroblasts upon 
transformation by ras oncogenes. 



35 
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The following papers provide a general description of oncogenes, the use of 
monoclonal antibodies as therapeutic drugs and information about the c-erbB-2 
oncogene: Der, Clin. Chem % 33(5):641 (1987); Bishop, Science, 235:305 (1987); Henrik 
and Westermark, Cell, 37:9 (1984); Duesberg, Science, 228:669 (1985); Shively, J. 
5 Clin. Immunoassay, 7(1):112 (1984); van de Vijver, Oncogenes 2:175 (1988); and 
Hunter, ScL Am, 257:70.(1984). 

Summary of the Invention 
In a first embodiment of this invention there is provided a recombinant DNA 
molecule comprising a DNA sequence that codes for the external domain of the c-erbB-2 
10 protein (gp75) or for one or more portions of said gp75, wherein said DNA sequence is 
operatively United to an expression control sequence in said DNA molecule. 

In a second embodiment of this invention there is provided a purified and isolated 
DNA molecule for use in securing expression in a prokaryotic or eukaryotic host cell of 
a protein or polypeptide product having at least part of the amino acid sequence of gp75, 
15 said DNA selected from: 

(a) DNA molecules encoding for gp75 or fragments thereof; 

(b) DNA molecules which hybridize to the DNA sequence of a) or fragments 
thereof; and 

(c) DNA molecules which, but for the degeneracy of the genetic code, would 
20 hybridize to the DNA molecules defined in a) and b). 

In a third- embodiment of this invention there is provided recombinant gp75 
proteins and polypeptides. 

In a fourth embodiment of this invention there is provided substantially pure, gp75 
protein and any polypeptide portion thereof. 
25 In a fifth embodiment of this invention there is provided a method for producing 

gp75 proteins and/or polypeptides comprising the steps of: 

(a) transforming a unicellular host with a recombinant DNA molecule of the first 
embodiment; 

•(b) culturing said unicellular host so that said gp75 proteins and/or polypeptides 
30 are expressed; and 

(c) extracting and isolating said gp75 proteins and/or polypeptides. 
In a sixth embodiment of this invention there is provided a method of testing 
mammalian body fluids for the presence of gp75 which comprises contacting a 
composition containing antibodies to gp75 proteins and/or polypeptides, with a sample of 
35 a mammalian body fluid and determining whether said antibodies bind to a protein in 
said sample. 
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In a seventh embodiment of this invention there is provided a diagnostic method 
for neoplastic disease associated with c-er'>B-2 amplification employing an immunoassay 
to detect gp75 in human body fluids. 

In an eighth embodiment of this invention there is provided a test kit for assaying 
gp75 in human body fluids which comprises: 

(a) antibodies to gp75 proteins and/or polypeptides and/or antibodies to whole 
cells expressing c-erbB-2; and 

(b) a detection means. 

In a ninth embodiment of this invention there is provided a test kit for assaying 
0 gp75 proteins and/or polypeptides in human body fluids which comprises: 

(a) gp75 proteins and/or polypeptides and/or anti-idiotype antibodies to gp75 
proteins and/or polypeptides; and 

(b) a detection means. 

In a tenth embodiment of this invention there is provided a vaccine comprising an 
.5 immunogenic amount of one or more substantially pure, gp75 proteins and/or 

polypeptides dispersed in a physiologically acceptable, nontoxic vehicle, which amount 
is effective to immunize a human against neoplastic disease associated with amplification 
of c-erbB-2. 

In an eleventh embodiment of this invention there is provided a vaccine comprising 
20 an immunogenic amount of cell membranes which express gp75 on their surface 

dispersed in a physiologically acceptable, nontoxic vehicle, which amount is effective to 
. immunize * human against-neoplastic disease associated with amplification of c-erbB-2. 
In a twelfth embodiment of this inventon there is provided a fused protein or 
polypeptide comprising a gp75 protein or polypeptide and attached thereto an amino acid 
25 sequence of a protein or. polypeptide which is not immunogenic in humans and which is 
not typically reactive to antibodies in human body fluids . 

In a thirteen^ embodiment of this invention there is provided a purified and 
isolated DN A molecule comprising the DN A sequence that codes for gp75 . 

In a fourteenth embodiment of this invention there is provided a method for 
3Q screening for neoplastic disease, diagnosing neoplastic disease, monitoring the disease 
status of patients with neoplastic disease, or prognosticating the course of neoplastic 
disease comprising: detecting and quantitating the level of gp75 proteins and/or 
polypeptides, antibodies to g P 75 protein and/or polypeptides, and ligand to c-erbB-2 
correlating the delected levels; and classifying patients as to their chances of long term 
35 sur vival or a time to relapse of the disease. 

In a fifteenth embodiment of this invention there is provided a method of treating 
neoplastic disease associated with the amplification of c-erbB-2 comprising the 
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In a sixteenth embodiment of this invention there is provided a method of treating 
neoplastic disease associated with the amplification of c-erbB-2 comprising the 
administration of a therapeutically effective amount of anti-idiotype antibodies to a 
monoclonal antibody to gp75 protein and/or polypeptide dispersed in a physiologically 
acceptable, nontoxic vehicle. 

In a seventeenth embodiment of this invention there is provided a substantially pure 
glycoprotein or any portion thereof which is the ectodomain of the c-erbB-2 protein 
having a molecular weight of approximately 75 kilodaltons when identified on SDS- 
PAGE. 

In an eighteenth embodiment of this invention there is provided a diagnostic 
method for detecting the presence of human tumor cells which overexpress the c-erbB-2 
external domain glycoprotein having a molecular weight of approximately 75 kilodaltons 
in a human body fluid which comprises: 

(a) contacting the body fluid with an antibody having specificity for the 

5 glycoprotein; and 

(b) detecting the amount of the glycoprotein bound by the antibody, wherein an 
elevated level of binding above the^binding level of normal cells indicates the presence of 
tumor cells that overexpress, the c-erbB-2 external domain. 

In a nineteenth embodiment of this invention there is provided a method of treating 
)0 a human host suspecte^ofAavung cancer cells which comprises administering a 

jherapeutically effectjye amount of an antibody to the c-erbB-2 ectodomain glycoprotein 
Of 'approximately 75*kilf daltohs . 

■ ' In a?twentiem;%noo^ent. of this, invention there is provided anti-idiotype 
antibodies to antiboqMes#gp75: protein and/or polypeptides. 
25 *"- : jn a twenty-firs^ invention there is provided an assay to detect 

i:V > and quantitate ligandHo c-erbB-2 in human body fluids employing g P 75 proteins and/or 
polypeptides. 

% |n 4 twenty-sjecoli^ invention there is provided an assay to 

i ietecttand: quahtit^eiaffiiBl^es. to: gp75 proteins and/or polypeptides in human body 
|p4f1bifsvempl ojufig- ^0i0M »ris and/or polypeptides . 

p^ r ' : ; i^^n^K^Min>Wt of this invention there is provided a process of 
V , purifying- ligand to Crer;bB-2 employing gp7 5 proteins and polypeptides. 
• ; . ' .Methods and compositions are provided for identifying malignant tumors that 

'•^*er^press*--er^^/:The-.inyenUpn claimed herein is based on the detection of the- 
•3§-: external domain glycoprotein (g P 75) or parts thereof encoded by the c-erbB-2 gene in the 
. biological -fluids of mammals carrying a tumor burden. The invention provides for 

,- specific diagnostic assays to detect and quantitate gp75 in the biological fluids of 
'-r mammals, and thereby detect tumors, quantitate their growth, and provide valuable 

information for the diagnosis and prognosis of neoplastic disease. An elevated level of 

) 
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gp75 in a host's body fluid, thai is, above the normal background binding level, is 
indicative of overexpression of c-erbB-2. (An exemplary background binding level is 
shown in Figure 10 as 1.68% for a series of normal human sera.) 

The survival of a patient with neoplastic disease, such as breast or ovarian 
adenocarcinoma among other cancers associated with c-erbB-2 amplification, can be 
determined by tesing a biological fluid from the patient for the presence of gp75 or parts 
thereof. 

Further, this invention provides for assays to detect and quantitate antibodies to 
gp75 proteins/polypeptides in the body fluids of patients. Such assay results 
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especially in correlation with the results of assays of 
this invention that determine the level of gp75 
proteins/polypeptides in a patient's body fluids provide 
important information for diagnosing and monitoring the 
patient's condition deciding upon a course of treatment 
and in making a prognosis. 



Still further,, this invention provides for assays to 
detect and quant itate the level of the putative ligand to 

10 gp?5 in a patient's body fluid- Similarly such 

information especially in correlation with the results of 
assays , herein provided, that detect and quant itate the 
level of .gp75 prbteihs and antibodies thereto 

iii va^patii*^ is^ of diagnostic and 

15 prognostic signi^b in monitoring the 

patient a course of 

, treatment . 
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As - indicat^ above , c-erbB-2 

•' : >amplif ic^ £oun^^ with both a 

; -^£6fe^ as well as a 

:sh^ Thfe assays of 

: &pfeh *pre- and post-operatively . 

Pati^nts^:^^ c^erbB~2 amplification, even at 

■:£:*r£-ia&^^ be treated 

;^:^o^fc^^ ■ their chance's- for 

fels|rv|ii^,; gp7 5 in a • patiiBnt ' s 

S^lfalogifeal -fli^S^^ remove a tumor may 

: tfe^a^«^ $mmed i ate intervention , 

^o04^ t ■; - s s&sit"M or radiation therapy. 

... J The present invention fills the need referred to 
above f or non- invasive diagnostic and prognostic assays 
? tor the detection of tumors over expressing c-erbB-2. 
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Further, this invention is directed to novel proteins 
and polypeptides encoded by the external domain DNA 
sequence of the c- erbB-2 oncogene (hereinafter, the gp75 
gene) or fragments thereof and to th^ biochemical 
5 engineering of the gp7 5 gene or fragments thereof into 

suitable expression vectors; transformation of host 
organisms with such expression vectors; and production of 
gp75 proteins and polypeptides by recombinant, synthetic 
or other biological means. Such recombinant gp75 proteins 
10 and polypeptides can be glycosylated or nonglycosy lated , 

preferably glycosylated, and can be purified to 
substantial purity according to methods described herein. 
The invention further concerns such gp7 5 polypeptides and 
proteins which are synthetically or biologically prepared. 

15 

One use of such gp75 proteins and polypeptides is as 
vaccines. Further, vaccines which effectively provide gp7 5 
epitopes to the immune system can comprise enriched cell 
membranes that overexpress gp75 or gpl85. Such membranes 

2 0 can be derived from recombinant hosts transformed to 

over express c-erbB-2 , preferably those over express ing 
c-etfbB-2 in a f qrm haying a truncated internal domain, or 
from human cancer cell lines. Further useful as vaccines 
are the ant i-idio type antibodies provided by this 

25 invention. 

Another use of such gp75 proteins and polypeptides is 
as therapeutic agents to dampen tumorigenic activity 
either alone or in combination with chemotherapeutic 
30 agents . 

A still further use of such gp7 5 proteins and 
polypeptides is to detect the putative ligand to c-erbB-2 
in affinity binding studies. Should the ligand be so 
35 detected in biological fluids of mammals, it may then be 

purified by the use of the gp7 5 proteins and polypeptides 
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of this invention; for example, the gp75 proteins and 
polypetides may be used in a process to purify the ligand 
produced by genetic engineering. 

Further this invention concerns recombinant DNA 
molecules comprising a DNA sequence that encodes not only 
a gp7 5 protein or polypeptide but also an amino acid 
sequence of a protein/polypeptide which is not immunogenic 
to humans and which is not typically reactive to 
antibodies in human body fluids. An example of such a DNA 
sequence is the alpha-peptide coding region of 
beta-galactosidase. Further, claimed herein are such 
recombinant fused protein/ polypeptides which are 
substantially pure and nqn naturally occurring. 

Further, this invention concerns purified and 
isolated DNA molecules comprising the gp75 gene or 
f r agment s thereof . 



20 A further aspect of this invention relates to the 

diagnostic and therapeutic use of antibodies to such gp75 
proteins and polypeptides . A still further aspect of this 
invention are anti^ idiotype antibodies to such antibodies 
to gp7 5 proteins and polypeptides. 

25 

A still further aspect of this invention relates to 
diagnostic assays for gp75 employing the recombinant ly, 
synthetically or otherwise biologically produced gp75 
proteins and polypeptides of this invention and/ or 
30 antibodies thereto. 



35 



The invention also provides for test kits that embody 
the assays of this invention in which test kits comprise 
antibodies gp75 proteins/polypeptides and/or antibodies to 
the intact external domain of c-erbB-2 ("intact*' herein 
indicates that the gp75 is expressed on the surface of 
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cells) . These assays can be solid phase assays but are 
not limited thereto, but can also be in a liquid phase 
format and can be based on ELISAs, particle assays, 
radiometric or fluorometric assays either unamplified or 
5 amplified, using, for example, avidin/biotin technology. 

The invention further provides for anti-idiotypes to 
monoclonal antibodies recognzing gp75 
proteins/polypeptides which can substitute for gp75 
10 proteins/polypeptides in the diagnostic assays of this 

invention. 

Figure 1 is an immunoaf f inity chromatogram of 
recombinant c-erbB-2 extracellular domain protein (gp75) 

15 expressed from CHO cells. Concentrated CHO supernatant was 

loaded on the 0.5 X 5.0 cm immunoaf f inity column at a flow 
rate of 0.2 Ml/min. The column was then washed with PBS 
at 0.5 jil/min until the absorbance at 280 nm (A280 nra) of 
the column effluent reached baseline. Specifically bound 

20 material was eluted with a step gradient, indicated by the 
arrow, of 100 mM glycine-HCl, pH= 2 . 5 , at a flow rate of 
0.2 jil/min. 

Figure 2A is a SDS-PAGE of immunoaf f inity column 
25 fractions of reppmbinantly produced c-erbB-2 gp75, as 

described above for Figure 1. Samples of each fraction 
were prepared in Laemmli sample buffer and run on a 10% 
pplyaqryl amide gel . The gel was stained with Coomassie 
blue K-250. 

30 

Figure 2B is a Western blot. A gel identical to that 
run in Figure 2 A was run, and the separated proteins were 
slectrophoretically transferred to a 0.22 p 
nitrocellulose membrane. The membrane was probed using 
35 rabbit polyclonal antibody raised against an £. coli 

expressed recombinant fragment of gpl85 (antibody 92A) . 
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Specifically bound antibody was visualized using goat 
anti-rabbit horseradish peroxidase conjugate and Indophane 
substrate (Vio-medics, Worcester, MA). The lanes were 
loaded as follows: Lane 1: concentrated CHO supernatant; 
5 Lane 2: prestained molecular weight standards (Bethesda 

Research Laboratories, Gaithersburg, MD) ; and Lanes 3-7: 
immunoaf f inity column fractions 1-5 (as indicated in 
Figure 2A) . 

10 Figure 3 shows a partial restriction map of the 

cloning vector, pFRSV. This vector contains a 
transcription unit driven by an SV40 early region promoter 
and origin, as well as the SV4 0 large T antigen 
intervening sequence (5 1 mRNA splicing) and early region 

15 polyadenylation site. A second transcription cassette 

contains a mutant DHFR gene, the dominant selectable 
marker encoding resistance to methotrexate (MTX) - The 2.2 
kb c-erbB^2sec fragment was subcloned into the unique 
EcoRI site located downstream from the first SV40 

20 or i/ promoter to generate pFRSV-c-erbB-2sec. 

Figure 4 is. a SDS-PAGE wherein the lanes were loaded 
as follows: Lanes 1 and 9: Std; Lanes 2-6: A soluble 
fragment of c-rerbB-2 expressed by NIH3T3 c-erbB-2 

215 transf ectants competes with gp75 for binding to 

an t i - c - er bB - 2 TAb 252; Lanes 2-6: Increasing amount of 
cell lysate from NIH3T3--c--erbB-2 were incubated for 7 h 
with 10 ^9 anti-c-erbB-2 TAb 252, followed by 10 h 
incubation of 400 /il of in vitro labeled supernatant 

30 collected from gp7 5 -expressing CHO cells; Lane 7: Lysate 

from in vitro labeled gp7 5 CHO clone immunoprecipitated 
with isotype matched non-specific control, mouse myeloma 
mAb, (IgGl) ; Lane 8: Lysate from CHO-gp75 
immunoprecipitated with TAb 252, 



WO 91/02062 



PCT/US90/04340 



-17- 



Figure 5 shows the radioimmunoprecipitation of gp75 
from tissue culture supernatants . Lanes 1 and 12: 
Molecular weight markers; Lanes 3-6: Supernatant from 
SKBR3 cells concentrated 12X and precipitated with 9.2 
5 rabbit polyclonal - Lane 3; Lane 4: A-29 murine 

anti-c-erbB-2 hybridoma parent; Lane 5: TAb 252 murine 
anti-c-erbB-2 monoclonal; Lane 6: Amersham murine 
anti-EGF receptor monoclonal; Lanes 7-10: Supernatant 
from 3T3 cells transformed with the c-erbB-2 oncogene 
10 concentrated 6X; medium was not concentrated enough to 

visualize a precipitable signal. 

Figure 6 shows the radioimmunoprecipitation of 
supernatants from c-erbB-2 positive and negative cell 

15 lines. Lanes 1 and 12: Molecular weight markers; Lanes 

2 and 4: Supernatant from MDA435 concentrated 12X and 
precipitated with TAb 252; Lrnes 3 and 5: The same 
supernate precipitated with Amersham anti^EGF receptor 
antibody; Lanes 6 and 7: 12X concentrated supernatant 

20 f rpm MDA4 68 cultures precipitated with TAb252 and anti-EGF 

receptor antib^ Lanes 8 and 9: 

unrelated; Lanes 10 arid 11: Control supernatant from 
transfected 3T3 cells concentrated 12X and precipitated 
with TAb252 arid anti-EGF receptor antibody, 

25 

Figure 7 shows standard curves of partially purif ied 
gplB 5 and gp75 proteins in the sandwich IEMA assay using 
TAb 259 as a capture antibody jand TAb 256 as the 
radiolabeled secondary antibody. The assay is able to 

m detect both the whole c-erbB-2 protein partially purified 
from transacted NIH3T3 cells as well as the external 
domain protein purified from the supernatant of 
transfected GHO cells. The assay is approximately lOOx 
more sensitive when the partially purified gp75 is used as 

35 a standard. 
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Figure 8 shows the detection of a shed antigen in 
nude mouse sera bearing tumors induced by c-erbB-2 
transfected NIH3T3 cells when tested in the TAb 259/256 
sandwich IRMA assay. The sera are all tested at a 1:5 
dilution (vol /vol) and background binding of a pretumor 
pool of sera in this assay is 1.7%* The standard curve 
using the gp75 protein for this assay is comparable to 
that shown in Figure 7. Signals are detectable in mice 
with tumor sizes ranging from 500-1000 mm3 and continue to 
increase until tumors reach 3000-10,000 mm 3 . 

Figure 9 shows analysis of nude mouse sera from mice 
bearing tumors induced by NIH3T3 cells transfected with 
the c-erbB-2 gene and treated with either TAb 252 or PBS 
or IgGl and tested in the TAb 259/256 sandwich IRMA. The 
sera are from various bleed dates throughout the course of 
a one month experiment and are tested at a 1:5 dilution. 
The mice, at the time their sera are tested, have received 
2-8 treatments (100-500 pg/ treatment) of either TAb 252, a 
0 MAb reactive with the external domain of c-erbB-2, IgGl or 

PBS. Six pretumor sera are tested in the assay and the 
mean binding determined. The background cut-off in the 
assay is determined as the mean of the pre-tumor sera + 2 
standard deviations above this mean or 2.2%. PBS- treated 
15 mice shed antigen which is significantly over background 
at tumor volumes of 1001-3 000 mm 3 (n=7) while TAb 
2 52 -treated mice shed little detectable antigen at the 
same tumor volume (n«5) . At larger tumor volumes the 
ability to detect shed antigen in sera from TAb-treated 
30 mice is still suppressed (n=9) as compared to sera from 
PBS-treated mice (n=8) • 

Figure 10 shows test results for twelve human sera 
from normal volunteers in the TAb 259/256 sandwich IRMA 
35 assay at a 1:5 dilution (vol/vol). Using these sera, a 
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background binding level of 1.68% is determined (mean + 
two standard deviations) . 

Figure 11 shows test results for serial bleeds from 
5 twenty patients with breast cancer in the TAb 259/256 IRMA 
assay at a 1:5 dilution. The serial samples were taken 
throughout the course of the disease and therapy. For 
patients 1-4, sample [a] was taken at first diagnosis, one 
day before surgical removal of the tumor. Sample [a] for 

10 patients 5-10 was taken several days after surgical 

removal of the tumor and sample [a] for patients 11-2 0 was 
taken at first or subsequent recurrence events. The 
remaining samples [b-f] (4 or 5 for each patient) were 
taken at various intervals throughout the course of 

15 therapy and do not correspond with a particular state of 

disease or response to therapy. Background cut-off for 
this assay was 1.68%. 

Figure 12 shows the titration curve of three human 
20 sera from patients with breast cancer in the TAb 2 59/256 

IRMA/ assay as compared to the gp75 standard and a normal 
human serum. The sera are all tested at a 1:5 dilution 
and background cut-off in che assay is 1.6%. For patient 
19a f the serum sample was drawn when patient 19 presented 
25 with metastases approximately 1-1/2 years after the 

primary tumor was removed. Patient 19 died 1-1/2 years 
after this sample: was taken. The 7e serum sample was 
drawn from patient 7 upon first failure with liver and 
bone marrow metastases seven months after the primary 
30 tumor was diagnosed. Patient 7 died six days after this 

last sample was drawn. The patient 4f sample was drawn at 
the time of first failure with liver and node metastases 
two years after the primary tumor was diagnosed. Patient 
4 died six months after this [f] sample was drawn. 
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Figure 13 shows competition assay results wherein the 
ability of various cell lysates to compete the binding of 
TAb 251 to a lysate from NIH3T3 cells transfected with the 
c-erbB-2 gene is tested. The SKOV3 , BT4 7 4 and NIH3T3 t 
5 lines all overexpress the gp!85 protein and lysates from. 

these lines compete with increasing protein concentration. 
A control NIH3T3 lysate fails to compete. 

Figure 14 shows results for a competition assay in 
10 which a supernatant from a CHO cell line transfected with 

the gp7 5 portion of the c-erbB-2 gene competes the binding 
of TAb 251 to a lysate from NIH3T3 t cells. Supernatant 
from untransf ected GHO cells fails to compete. 

15 Figure 15 shows test results indicating that nude 

mouse sera from animals bearing tumors induced by NIH3T3 
cells transfected with c-erbB-2 are able to compete the 
binding of TAb 251 to a lysate from NIH3T3 t cells. Mice 
2-4 with tumor sizes greater than 1100 mm* are able to 
20 compete whereas mouse 1 serum and a pretumor pool of sera 

dp: -not compete in the , assay . 

Figure 16 shows the complete nucleotide and amino 
acid sequences of the c-erbB-2 gene. (Coussens et al. 
25 siapra . ) The <gp75 external domain comprises the region 

from about amino acid number 22 (serine; ser-22) to about 
amino acid number 65^3 (serine; ser-653) (said amino acids 

are marked by black circles above them) . 

m ■ 

30 The concept underlying the many facets of this 

" x " invention is the discovery that c-erbB-2 overexpress ing 

cells shed the c-erbB-2 external domain (gp75) into the 
body fluids of the host mammal. Examples 1, 4, 5 and 6 
g outline the evidence that led to this finding. A soluble 

35 c-erbB-2 derivative (gp75) was found in the siipernatants 

of stably transformed gp75 expressing cells; the protein 
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was found to have a molecular weight of approximately 75K 
and to compete with a protein present in NIH3T3 t (c-erbB-2 
expressing cells) cell lysate. (Example 1.) Examples 4, 
5 and 7 respectively detail the detection of shed antigen, 
5 with affinity binding characteristics of r-he c-erbB-2 

external domain, in the sera of nude mice bearing tumors 
induced by c-erbB-2 transfected NIH3T3 cells (NIH3T7 t ) , in 
human tumor culture supernates, and in human sera from 
breast cancer patients. This discovery opened the way for 
10 the development of novel methods and compositions for the 
diagnosis and treatment of neoplastic disease in humans 
and other mammals. 

Assays 

15 

There are assays herein provided to detect and 
quantitate three different entities in the body fluids of 
mammals, preferably humans, wherein those entities are as 
follows: gp75 proteins/polypeptides ; antibodies to gp75 

20 pr ot e ins / polypeptides; and the putative ligand to 
c-erbB-2 • Each of the assays provide important 
information concerning the disease status of the patient, 
and are individually useful for screening mammals for 
neoplastic disease, diagnosing neoplastic disease, 

25 monitoring the progress rpf the disease, and for 

prognosticating t^he cpuirse pf the disease and deciding 
upon appropriate treatment protocols. However, 
correlation of the results from one or more of these 
assays, preferably the test results for all three, provide 

30 the best profile on the disease condition of a patient. 

For example, a patient may present with a large 
tumor , but the patient's gp75 level may be relatively low. 
The lowness of the reading may be due to the patient's 
35 generation of antibodies to gp7 5 proteins/polypeptides and 
not to the smallness of the tumor. 
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Another example of how correlating the data provides 
a broader view of the patient's condition concerns the 
relationship of the putative ligand to gp75. A patient 

5 may present with a high level of circulating gp75 

proteins/polypeptides but not have neoplastic disease if 
the patient is not producing the putative ligand; if 
there is no ligand, the c-erbB-2 cell surface receptor 
cannot be stimulated thereby to begin unregulated growth, 

.0 Thus, the ratio of ligand to gp75 is significant under the 
model of a ligand/ receptor complex being the mechanism by 
which the proto-oncogene is activated to an oncogene. 

Assay for gp75 Proteins /Polypeptides 
l;5 in ;Mammalian Body Fluids 

Non^invasive diagnostic assays are provided to detect 
gp7 5 proteins ^^p^p^ptidfes in the body fluids of mammals, 
pref erab^ 4 nd qu a n t i t ate the level of such gp75 

20 ptoteln^ therein. The term gp.75 

prpteins/polypeptides is used in this context as the 
target antigen in the body fluids, because the shed gp75 
protein can ibe> broken down in a patient's body fluids into 
^£#ibus fr agents, that constitute protein (haying 

is. • qi$&%er than 50 amino acids) and polypeptides (less than 
. ■: 'i&nino- aqidsi) >, 

Such assays provide valuable means of monitoring the 
status of neoplastic diseases. In addition to improving 

3d prpghbstica^^ knowledge of the disease status allows 

the attending physician to select the most appropriate 
therapy the individual patient. For example, patients 
will! a high likelihood of relapse can be treated 
rigorously, usually involving systemic chemotherapy and /or 

35 radiation therapy. When there is a lesser likelihood of 

relapse, less aggressive therapies can be chosen. Because 
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of the severe patient distress caused by the more 
aggressive therapy regimens, it would be desirable to 
distinguish with a high degree of certainty those patients 
requiring such aggressive therapies. 

5 

The present invention is useful for screening a wide 
variety of neoplastic diseases, including both solid 
tumors and hemopoietic cancers* Exemplary neoplastic 
diseases include carcinomas, such as adenocarcinomas and 

10 melanomas; mesodermal tumors, such as neuroblastomas and 

retinoblastomas; sarcomas, such asosteosarcomas, Ewing's 
sarcoma, and various leukemias; and lymphomas. Of 
particular interest are tumors of the breast, ovaries, 
gastrointestinal tract, including the colon and stomach in 

15 particular, liver, thyroid glands, prostate gland, brain, 

pancreas, urinary tract (including bladder), and salivary 
glands. Of still further particular interest are tumors 
of the prostate gland, ovaries and breast. Still more 
specifically, adenocar c i nomas of the breast and ovaries 

20 have been widely studied and confirmed to over express 
c-ert>B^2 . 

The body flxi ids that are of particular interest in 
assaying for gp75 according to the methods of this 
25 invervtion inc lude s eriim , semen, breast exudate, saliva, 

urine, cytosois, plasma and cerebrospinal fluid. Serum is 
a preferred body fluid for screening according to the 
methods of this invention. 

30 From a knowledge of the structure of the external 

domain of the c-erbB-2 oncogene (gp75) , a number of 
monoclonal or polyclonal antibodies can be gene rated that 
specifically recognize this protein* Because gp75 is 
uniquely and specifically liberated from the surface of 

35 tumors associated with c-erbB-2 amplification and can 

exist freely in the biological fluids of mammals, it is 
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possible to detect and quantitate the levels of the 
protein. Utilizing current antibody detection techniques 
that can quantitate the binding of monoclonal antibodies 
made specifically to the external domain of the c-erbB-2 
5 oncogene, one can determine the amount of external domain 

in the fluids of cancer patients. Such an assay can be 
used to detect tumors, quantitate their growth, and help 
in the diagnosis and prognosis of the human disease. The 
assays involve the use of monoclonal or polyclonal 
10 antibodies which can be appropriately labeled to detect 
and quantitate gp7 5 in body fluids of mammals. 

The subject of the invention provides methods and 
compositions for evaluating the probability of the 

15 presence of malignant cells in a group of normal cells in 

the host or cells freshly removed from the host. A 
preferred method involves, as a first step, obtaining a 
purified amount of the external domain of the c-erbB-2 
oncogene and using it as an immunogen to generate 

20 monoclonal antibodies in mice or other suitable hosts. 

The monoclonal antibodies should specifically react with 
epitopes on gp75. Alternatively , whole intact cells 
expressing c-erbB-2 on their membrane surface could be 
used as a source of antigen. It is possible that numerous 

25 mpnocibival antibodies could be generated to recognize 

<^gf erent epitopes on the external domain, and these 
mpnoclpnal antibpidies can be used either singularly or in 
combination as a epefcfcail to increase the specificity and 
•sehsitivity of an as say . Besides using the whole external 

30 domain as an immunogen, fragments of this protein, or 

protein generated fay recombinant DNA means, can be also 
used to generate specific monoclonal antibodies. Also, 
polypeptides correspond ing to various sequences within the 
external domain sequence could also be used as a source of 

35 immunogens . In all cases, the antibodies generated would 
have a specificity such that they have very limited 
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cross-reactivity with other proteins present on the 
surface of both tumors and non-tumor cells. They would 
not, for example, react with the EGF receptor which is 
present on the surface of many normal cells. The 
5 diagnostic assay itself would typically involve obtaining 

a small amount of body fluid, preferably serum, from the 
human host. The presence of the c-erbB-2 external domain 
in the serum can then be quantitated using a number of 
well-defined antibody diagnostic assays. These can be 
10 Western blots, ELISAs (enzyme-lined immunosorbent assays), 
RIA assays (radioimmunoassay) , or dual antibody sandwich 
assays, all commonly used in the diagnostic industry. In 
all cases, the interpretation of the results is based on 
the assumption that the antibody or antibody combination 
15 will not cross-react with other protein and protein 
fragments present in the serum that are unrelated to 
c-erbB-2. These methods are based on the fact that the 
presence of the c-erbB-2 external domain bears a strong 
correlation with the presence of a tumor as outlined above 
20 in the Background . The assays can be used to detect the 

presence of a tumor, detect continued growth of a tumor, 
and detect the presence of cancer metastasis, as well as 
confirm the absence or removal of all tumor tissue 
following surgery, cancer chemotherapy or radiation 
25 therapy. It can further be used to monitor cancer 

chemotherapy and tumor reappearance. 

Example 3 details the format of a preferred 
diagnostic method of this invention - a double sandwich 

30 immunoradiometric assay (IRMA) . Many other formats for 

detection of gp75 in body fluids are of course available, 
including, for example, enzyme linked immunosorbent assays 
(ELISA) • Representative of one type of ELISA test is a 
format wherein a microtiter plate is coated with 

35 antibodies to gp7 5 proteins/polypeptides or antibodies to 

whole cells expressing, preferably overexpressing c-erbB-2 



WO 91/02062 



PCT/US90/04340 



(that is, to intact gp75) and to this is added a sample of 
patient 1 s serum. After a period of incubation permitting 
any antigen to bind to the antibodies, the plate is washed 
and another set of anti-gp75 antibodies which are linked 
5 to an enzyme is added, incubated to allow reaction to take 

place, and the plate is then rewashed. Thereafter, enzyme 
substrate is added to the microtitre plate and incubated 
for a period of time to allow the enzyme to work on the 
substrate, and the adsorbance of the final preparation is 
10 measured. A large change in absorbance indicates a 
positive result. 

It is also apparent to one skilled in the art of 
diagnostic assays that antibodies to gp75 proteins and/ or 

15 polypeptides can be used to detect and quantitate the 

presence of gp75 in the body fluids of patients. In one 
such embodiment, a competition immunoassay is used, 
wherein the gp75 protein/ polypeptide is labeled and a body 
fluid is added to compete the binding of the labeled gp75 

20 to antibodies specific to gp75 protein/polypeptide . Such 

an assay could be used to detect gp75 protein/polypeptide. 

In another embodiment, an immunometric assay may be 
used wherein a labeled antibody to a gp75 protein or 

25 polypeptide is used. In such an assay, the amount of 

labeled antibody which complexes with the antigen-bound 
antibody is directly proportional to the amount of gp75 in 
the body fluid. Monoclonal antibodies for use in the 
assays of this invention may be obtained by methods well 

3ip known in the art, particularly the process of Kohler and 
Milstein reported in Nature , 256:495-497 (1975). 

Such diagnostic methods can be embodied in test kits 
to assay for gp75 in mammalian, preferably human, body 
35 fluids wherein such test kits can comprise antibodies, 

polyclonals and/or monoclonals, to gp75 proteins and/or 
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polypeptides, and/ or antibodies to whole cells expressing 
c-erbB-2 (that is, to intact gp75) . Such diagnostic test 
kits can further comprise another set of antibodies, 
polyclonal and/or monoclonal, for a sandwich format 
5 wherein said second set of antibodies are appropriately 

labeled. 

Once antibodies having suitable specificity have been 
prepared, a wide variety of immunological assay methods 

10 are available for determining the formation of specific 

antibody-antigen complexes. Numerous competitive and 
non-competitive protein binding assays have been described 
in the scientific and patent literature, and a large 
number of such assays are commercially available. 

15 Exemplary immunoassays which are suitable for detecting 

the serum antgen include those described in U.S. Pat. 
No.s. 3,791,932; 3,817,837; 3,839,153; 3,850,752; 
3,850,578; 3,853,987; 3,867,517; 3,879,262; 3,901,654; 
3,935,074; 3,984,533; 3,996,345; 4,034,074; and 4,098,876. 

20 

Antibodies employed in assays may be labeled or 
unlabeled. Unlabeled antibodies may be employed in 
agglutination; labeled antibodies may be employed ir: a 
wide variety of assays, employing a wide variety of 
25 , labels. 

In some techniques, it will be useful to label the 
antigen or fragment thereof, rather than the antibody and 
have a competition between labeled antigen and antigen in 
30 the sample for antibody. In this situation, it is common 

to provide kits which have the combination of the labeled 
antigen or labeled fragment and the antibody in amounts 
which provide for optimum sensitivity and accuracy. 

35 m other situations, it is desirable to have a solid 

support, where either antigen or antibody is bound. A 
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polyepitopic antigen can service as a bridge between 
antibody bound to a support and labeled antibody in the 
assay medium. Alternatively, one may have a competition 
between labeled antigen and any antigen in the sample for 
5 a limited amount of antibody. 

Suitable detection means include the use of labels 
such as radionuclides, enzymes, fluorescers, 
chemiluminescers , enzyme substrates or co-factors, enzyme 

10 inhibitors, particles, dyes and the like. Such labeled 

reagents may be used in a variety of well Known assays, 
such as radioimmunoassays, enzyme immunoassays, e.g., 
ELISA, fluorescent immunoassays, and the like. See , for 
example, U.S. Patent Nos. 3,766,162; 3,791,932; 3,817,837; 

15 and 4,233,402. 

Assays for Antibodies to gp75 Proteins /Polypeptides 

As indicated above > the level of antibodies to gp75 
20 proteins /polypeptides in a patient's body fluids is an 

important parameter in screening for neoplastic disease, 
monitoring, and prognostics t ing the course of the disease 
arid on deciding on a course of treatment . A 
representative assay to detect such antibodies is a 
25 competition assay in. which labeled gp75 

^protein^polypepfci^ by antibodies in 

patient serum irt c^t^ monoclonal antibodies 

recognizing gp7:5. One skilled in the 

art could adapt any of the formats outlined and referred 
30 to in the above section to detect anti-gp75 antibodies for 
the quantitation of antibodies to gp75. 

Assays for Putative Lioand to C-erbB-2 

35 Similarly useful for diagnosing and screening for 

neoplastic disease and monitoring and prognosticating the 
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course of the disease and treatment schedules, is an assay 
to detect and quantitate the level of the putative ligand 
to the c-erbB-2 receptor. Such an assay would be 
especially useful in correlation with one of the above 
5 assays for gp75 proteins/polypeptides and antibodies 

thereto, and more preferably in correlation with both such 
assays. 

A representative format for such an assay for the 
10 c-erbB-2 ligand utilizing gp7 5 proteins/polypeptides would 

involve attaching purified, preferably substantiall. pure, 
gp75 proteins/polypeptides to a plastic surface or other 
solid support either by its own binding to such surface or 
via a capture anti-gp75 antibody. Utilizing a competition 
15 assay of labeled ligand with an unknown amount of 

unlabeled ligand, the concentration of the latter for 

binding to the gp75 proteins /polypeptides can be 

quant it a ted utilizing standard diagnostic instrumentation. 

20 Alternative f orma t s , labeling, and in general other 

modif i cations which are within the scope of knowledge of 
those skilled in the art as outlined above for assays for 
gp75 prot&insfp.piLY0tBpt±deB 9 similarly apply to the assays 
to detect and quarttitate the putative ligand to c-erbB-2 . 

25 

Antiidiotype Antibodies to Antibodies 
to /gp7 5 ides 

Further within the scope of this invention are 
30 anti-idiotype antibodies to antibodies to gp75 
proteins/polypeptides. In each instance in the 
above-out lined assays, such anti-idiotype antibodies can 
substitute for gp75 proteins/polypeptides. 
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Still further as noted under Vaccines . such 
anti-idiotype antibodies can be used as immunogenic 
agents. 



5 Anti-idiotype antibodies to anti-gp7 5 antibodies are 

prepared essentially as outlined above in the Methods 
section: Preparation of Monoclonal c-erbB-2 ftntjiboflie? 
wherein the initial immunization is with the appropriate 
anti-gp75 antibody rather than the NIH3T3 t cells. The 

10 fusion protocol is similarly followed therein* The 

screening process is a primary screen for binding to the 
original anti-gp75 monoclonal used for i immunization, and a 
secondary screen comprising a competition assay, for 
example, a radipmetric assay, wherein the appropriate gp7 5 

15 protein/polypeptide competes with the anti-idiotype 

antibodies prod^ in the fusion for binding with the 
r adi^6ia(fce i^di Original anti-gp75 monoclonal. 



#k J; 



20 



ab^ can be embodied in the f orm 

of '^e&t./3ci?ts . Smartest - kits can comprise antibodies to 
£p75;^ antibodies to the intact 

^gp75- 7 (^at ; i : s->^ pnf'ttie surface>of cells' expressing 
•.^e|*ii:2:)^'... "^iSa*^ can- be either pblyclonal 

Eui^tifi^r sii;d t^st Kits cari comprise 



or in cpmbiri^tiori with 

'■^vri^, ■ • £g indicated above, . 
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"0&nit&^ :ant i-gp7 5 antibodies can be 

ishifetitiife pr ot e i n s / p o lypep t ide s in 

fesi^h £e6t kits • • 
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Exemplary wpuld be a test kit to assay for the 
;puta;tive ligandj wherein either gp75 protein/polypeptides 

^GSSfefe'd^pii- a surface or captured thereon or 
^htii^ idi;6type airtibpd i es to anti-gp75 antibodies are so 
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coated on a surface. Alternatively, such an assay can be 
formulated as a competition assay as outlined above. Of 
course, such assays are not limited to solid phase assays, 
but can be in a liquid phase format and can be based on 
5 enzyme-limited immunosorbent assay (ELISAs) particle 

assays, radiometric or fluormetric assays, either 
unamplified or amplified using, for example avidin/biotin 
technology. 

10 Preparation of gp7 5 Proteins and Polypeptides 

The gp7 5 proteins and polypeptides of this invention, 
can be prepared in a variety of ways. A preferred method 
to prepare gp7 5 proteins is by recombinant means. A 
15 representative recombinant method of this invention is 

described infra in Example 1. 

The gp75 proteins and polypeptides of this invention 
can further be prepared synthetically or biologically, 

20 that is, by cleaving longer proteins and polypeptides 

enzymatiqally and/ or chemically. Said synthetic and 
biologic methods are described in detail infra under the 
heading Synthetic and Biologic Prod uction of gp75 Protein 
and Polypeptide Portions Thereof . Such methods are 

25 preferred for preparing gp75 polypeptides. 

Cloning of gp75 -Sequence or Fragments Thereof 

The plasmid pFESV-c-erbB-2sec, constructed in 
30 accordance with Example 1, is only representational of the 

many possible DNA recombinant molecules that can be 
prepared in accordance with this invention. Depending on 
the restriction endonucleases employed, all or part of the 
c-erbB-2 external domain sequence may be cloned, expressed 
35 and used in accordance with this invention. 
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Useful restriction enzymes according to this 
invention may include enzymes that cleave DNA in such a 
way that the DNA fragment generated contains portions of 
the gp75 sequence. Appropriate restriction endonucleases 
5 may be selected by those of skill in the art on due 
consideration of the factors set out herein without 
departing from the scope of the invention. 

A representative cloning vehicle used in Example 1 is 
10 pSV7186. However, a wide variety of host-cloning vehicle 
combinations may be usefully employed in cloning the gp75 
DNA. For example, useful cloning vehicles may include 
chromosomal, nonchr pmosoinal and synthetic DNA sequences 
such as various known bacterial plasmids such as pBR322, 

15 other £. coli plasmids and their derivatives and wider 
host range plasmids such as RP4 , phage DNA such as the 
numerous derivatives of phage lambda, e.g. , NB989 and 
vectors derived from combinations of plasmids and phage 
DNAs such as plasmids which have been modified to employ 

20 phage DNA expression control sequences. 

Useful hosts may be eukaryotic or prokaryotic, 
preferably eukaryotic, and include bacterial hosts such as 
- T.. coli strains CAG4 56:, JM103 , N4830, X1776, X2282, HB101 
25 - and MRC1 and strains of Pseudompnas, Bacillus subtilis and 
otiier ^cilliui y^as^s and p«ier fungi, animal or plant 
"'■*>■■■■ ^os^^:s^ch;ya;s<;artp»a;l '-or plant cells in culture, insect 

•cell^ and other hosts . Preferred hosts in accordance with 
this invention are yeast cells, mammalian cells in 
30 culture, preferably monkey cells and Chinese Hamster Ovary 
(CHO) cells. Preferable monkey cells are from the cell 
line GOS7 ; preferable CHO cells are from the cell line 
CHO^(dxbll) . Off course, not all hosts may be equally 
efficient. The particular selection of host-cloning 
35 vehicle combination may be made by those of skill in the 
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art after due consideration of the principles set forth 
herein without departing from the scope of this invention. 

Furthermore, within each specific vector, various 
5 sites may be selected for insertion of the isolated 

double-stranded DNA. These sites are usually designated 
by the restriction enzyme or endonuclease that cuts them. 
For example, in pBR322 the PstI site is located in the 
gene for penicillinase between the nucleotide triplets 
10 that code for amino acids 181 and 182 of the penicillinase 

protein. 

The particular site chosen for insertion of the 
selected DNA fragment into the cloning vehicle to form a 
15 recombinant DNA molecule is determined by a variety of 

factors. These include size and structure of the protein 
or polypeptide to be expressed, susceptibility of the 
desired protein or polypeptide to endoenzymat ic 
degradation by the host cell components and contamination 
20 -by ^ characteristics such as the 

location of start arid stop codons, and other factors 
recognized by those of skill in the art. None of these 
factors alone absolutely controls the choice of insertion 
site for a particular protein or polypeptide, but rather 
25 the site chosen effects * balance of these factors and not 
aill sites may b^ egiiai;iy effective for a given protein. 

It should, of course, be understood that the 
nucleotide sequence >pr gene fragment inserted at the 

30 selected restriction site of the cloning vehicle may 

include nucleotides which are not part of the actual 
structural gene for the desired protein or may include 
only a fragment of that structural gene. It is only 
required that whatever DNA sequence is inserted, the 

35 transformed host will produce a protein or polypeptide 
displaying epitopes of gp75. 
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The recombinant DNA molecule containing the hybrid 
gene may be employed to transform a host so as to permit 
that host (transformant) to express the structural gene or 
fragment thereof and to produce the protein or polypeptide 
for which the hybrid DNA codes. The recombinant DNA 
molecule may also be employed to transform a host so as to 
permit that host on replication to produce additional 
recombinant DNA molecules as a source of gp75 DNA and 
fragments thereof. The selection of an appropriate host 
for either of these uses is controlled by a number of 
factors recognized by the art. These include, for 
example, compatibility with the chosen vector, toxicity of 
the co-products, ease of recovery of the desired protein 
or polypeptide, expression characteristics, biosafety and 
costs. No absolute choice of host may be made for a 
particular recombinant DNA molecule or protein or 
polypeptide from any of these factors alone. Instead, a 
balance of these factors may be struck with the 
0 realization that not all hosts may be equally effective 

for expression of a particular recombinant DNA molecule. 

Expression of at>75 Proteins /Polypeptides 

5 Where the host cell is a procaryote such as £. calif 

competent cells which are capable of DNA uptake are 
prepared from cells harvested after exponential growth 
phase and subsequently treated by the calcium chloride 
(GaCl 2 ) method by well known procedures. Transformation 

0 can also be performed after forming a protoplast of the 

host cell. 



Where the host used is an eucaryote, transfection 
method of DNA as calcium phosphate-precipitate , 
5 conventional mechanical procedures such as microinjection, 
insertion of a plasraid encapsulated in red blood cell 
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hosts or in liposomes, treatment of cells with agents such 
as lysophosphatidyl-choline or use of virus vectors, or 
the like may be used. 

5 The level of production of a protein or polypeptide 

is governed by two major factors: the number of copies of 
its gene or DNA sequence encoding for it within the cell 
and the efficiency with which these gene and sequence 
copies are transcribed and translated. Efficiencies of 
10 transcription and translation (which together comprise 

expression) are in turn dependent upon nucleotide 
sequences, normally situated ahead of the desired coding 
sequence. 

!5 Thuse nucleotide sequences or expression control 

sequences define, inier alia, the location at which RNA 
polymerase interacts to initiate transcription (the 
prompter sequence) and at which ribosomes bind and 
interact with the mRNA (the product of transcription) to 
20 initiate translation. Not all such expression control 

sequences function with equal efficiency; It is thus of 
advantage to separate the specif ic coding sequences for 
the desired protein from their adjacent nucleotide 
sequences and fuse them instead to known expression 
25 control sequences so as to favor higher levels of 

express ion . Tlvi/s hi^^g been achieved , the newly 
engineered DNA fragment may be inserted into a multicopy 
plasmid or a bacteriophage derivative in order to increase 
ttte number of gene or sequence copies within the cell and 
30 thereby further improve the yield of expressed protein. 

Several expression control sequences may be employed. 
These include the operator , promoter and ribosome binding 
and interaction sequences (including sequences such as the 
35 Shine-Dalgamo sequences) of the lactose operon of £. soli 
("the lac system"), the corresponding sequences cf the 
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tryptophan synthetase system of E. coli ("the trp 
system"), a fusion of the trp and lac promoter ("the tac 
system"), the major operator and promoter regions of phage 
1 (o L P L and 0 R P R ,), and the control region of the phage A 
5 coat protein. DNA fragments containing these sequences 

are excised by cleavage with restriction enzymes from the 
DNA isolated from transducing phages that carry the lac or 
trp operons, or from the DNA of phage X or fd. These 
fragments are then manipulated in order to obtain a 
10 limited population of molecules such that the essential 

controlling sequences can be joined very close to, or in 
juxtaposition with, the initiation codon of the coding 
sequence . 

i5 The fusion product is then inserted into a cloning 

vehicle for transformation of the appropriate hosts and 
the level of antigen production is measured. Cells giving 
the most efficient expression may be thus selected. 
Alternatively , cloning vehicles carrying the lac, trp or x 
H 2p % control system attached to an initiation codon may be 
'§|- employed and fused to a fragment containing a sequence 

f|- coding for a gp75 protein or polypeptide such that the 

gene or sequence is correctly translated from the 
v-; initiation codon of the cloning vehicle. 
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^^^c^^^oloa ^ ^oAxiction of gp75 Protein and 
pol ^ept jde Frao^ipniis Thereof 



gp7 5 proteins and polypeptides of this invention may 
!§•>.•' • , be :f.orroed apt only toy recombinant means but also by 

' synthetic and by other biologic means. Exemplary of other 
biologic means to prepare the desired polypeptide or 
protein is to subject to selective proteolysis a longer 
g p75 polypeptide or protein containing the desired amino 
35 acid sequence; for example, the longer polypeptide or 
protein can be split with chemical reagents or with 
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enzymes. Synthetic formation of the polypeptide or protein 
requires chemically synthesizing the desired chain of 
amino acids by methods well known in the art. 

5 The portion of a longer polypeptide or protein which 

contains the desired amino acids sequence can be excised 
by any of the following procedures: 

(a) Digestion of the protein or longer polypeptide by 
10 proteolytic enzymes, specially those enzymes whose 

substrate specifically results in cleavage of the 
protein or polypeptide at sites immediately adjacent 
to the desired sequence of amino acids. 

15 (b) Cleavage of the protein or polypeptide by chemical 

means. Particular bonds between amino acids can be 
cleaved by reaction with specific reagents. 
Examples include: bonds involving methionine are 
c le aved^by cyanogen bromide; asparaginyl glycine 

20 bonds are cleaved by hydroxy lamine ; disulfide bonds 

between %wp cysteine residues are cleaved by 
reduction, e.g. , with dithiothreitol . 

(c) A combinat%pn of proteolytic and chemical changes . 
2% Of course , as indicated above , it should also be 

possible ^ a small portion of the DMA that 

;cpd£s ^ peptide , resulting in the 

production : ot the peptide by the unicellular host. 

3® The biologically or synthetically produced proteins 

and polypeptides once produced , may be purified by gel 
filtration, ion exchange or high presure liquid 
chromatography , or other suitable means. 



35 Chemical synthesis of polypeptides is described in 

the following publications: Merrif ield et al. r J. Am. 
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Chem. Soc. . 85 :2149-2156 (1963); Kent et al., S ynthetic 
Peptides in Biology and Medicine . 29 f f . , eds Alitalo et 
al. (Elsevier Science Publishers 1985); Haug, ABL f 40-47 
(Jan/Feb. 1987); Andrews, Nature. 319 :429-430 (Jan, 30, 
1986); Kent, Biomedical Polymers . 213-242, eds. Goldberg 
et al. (Academic Press 1980); Mitchell et al., J . Org , 
Chem . . 4 3 : 2845:2852 (1978); Tam et al,, Tet. Letters , 
4033-4036 (1979); Mojsov et al., J. Org. Chem., 45: 
555-560 (1980); Tam et al. Tet Letters , 2851-2854 (1981); 
and Kent et al., Proceedings of the IV International 
Symposium on Methods of Protein Sequence Analysis 
(Brookhaven Press 1981) . 

The "Merrifield solid phase procedure" as described 
in the above- mentioned publications can be used to build 
up the appropriate sequence of L-amino acids from the 
car boxy 1 terminal amino acid to the amino terminal amino 
acids. Starting with the appropriate carboxyl terminal 
amino acid attached to an appropriate resin via chemical 
linkage to a chloromethyl group, benzhydrylamine group, or 
other reactive group of the resin, amino acids are added 
one by one using the following procedure for each: 

(a) Peptidyl resin is washed with methylene chloride; 

(b) the resin is neutralized by mixing for 10 minutes at 
room temperature with 5% (v/v) d i i s opr op 1 e thy 1 am ine 
(or other hindered base) in methylene chloride; 

(c) the resin is washed with methylene chloride; 

(d) an amount of amino acid equal to six times the molar 
amount of the growing peptide chain is activated by 
combining it with one-half as many moles of a 
carbodiimide, e.g. dicyclohexylcarbodiimide, 
diisopropylcarbodiimide, for 10 minutes at 0°C, to 
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form the symmetric anhydride of the amino acid. The 
amino acid used should be provided originally as the 
N-a-butyloxycarbonyl derivative, with side chains 
protected with benzyl esters (aspartic and glutamic 
5 acids}, benzyl ethers (serine, threonine, cysteine, 

tyrosine) , benzyl oxycarbcnyl groups (lysine) or 
other protecting groups commonly used in peptide 
synthesis; 

10 (e) the activated amino acid is reacted with the peptidyl 

resin for 2 hours at room temperature resulting in 
addition of the new amino acid to the end of the 
growing peptide chain; 

15 (f) the resin is washed with methylene chloride; 

(g) The N-a- (butyloxycarbonyl) group is removed from the 
most recently added amino acid by reacting with 30% 
(v/v) triflupr acetic acid in methylene chloride for 

20 30 minutes at room temperature ; 

(h) the resin is washed with methylene chloride; 

(i) steps a through h are repeated until the required 
25 peptide sequence has been constructed. The peptide 

is then r&i^ resin and simultaneously the 

side^chaii^ are removed, by reacting 

with anhydr bUs hydir of luor ic acid containing 10% (v/v) 
of anisole , Subseqtaently, the peptide can be 
3# purified by gel filtration, ion exchange , or high 

pressure liquid chromatography , or other suitable 
means. 

Chemical synthesis can be carried out without a solid 
35 phase resin, in which case the synthetic reactions are 
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performed entirely in solution. The reactions, and the 
final product, are otherwise essentially identical. 

Techniques of chemical peptide synthesis include 
5 using automatic peptide synthesizers, employing 

commercially available protected amino acids; such 
synthesizers include, for example, Biosearch (San Rafael, 
CA) Models 9500 and 9600, Applied Biosystems Inc. (Foster 
City, CA) Model 430, and MilliGen (a division of Millipore 
10 Corp.) Model 9050. Further, one can manually synthesize 

up to about 25 polypeptides at a time by using Dupont's 
Ramp (Rapid Automated Multiple Peptide Syntheis) . 

The synthetic polypeptides according to this 
15 invention preferably comprise one or more epitopes of the 

gp75. It is possible to synthesize such polypeptides by 
attaching the amino acid sequence which defines an epitope 
(which can be from about three to about eleven amino 
acids , more usually from about five to about eleven amino 
m acids) to at least three amino acids flanking either side 

thereof . The three amino acids on either side can be the 
same amino acids as in the natural gp75 sequence or could 
be other amino acids . 

25 . . ' firit ibodi es r to ai?75 

Ant^ synthetic or natural 

gp75 proteins and polypeptides , of this invention, have 
use not phiy for diagnostic assays but also for affinity 
3D purification of gp75 proteins / polypept ides and for 

therapeutic use. As indicated above in the Bac&g£osM# 
antibodies to c-erbB-2 have been shown to inhibit tumor 
growth in vi^tro and in vivo [Drebin et al., SQPia (1985)] 
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Vaccines 

It will be readily appreciated that the gp75 proteins 
and polypeptides of this invention can be incorporated 
5 into vaccines capable of inducing protective immunity 

against neoplastic disease and a dampening effect upon 
tumor igenic activity. Polypeptides may be synthesized or 
prepared recombinantly or otherwise biologically, to 
comprise one or more amino acid sequences corresponding to 

10 one or more epitopes of the gp75 either in monomeric or 

multimeric form. These polypeptides may then be 
incorporated into vaccines capable of inducing protective 
immunity against gp75. Techniques for enhancing the 
antigenicity of such polypeptides include incorporation 

15 into a multimeric structure, binding to a highly 

immunogenic protein carrier, for example, keyhole limpet 
hemoeyanin (KLH) r or diphtheria toxoid, and administration 
in combination with adjuvants or any other enhancers of 
immune response. 



20 

It will further be appreciated that anti-idiotype 
antibodies to antibodies to gp75 proteins /polypeptides are 
also useful as vaccines and can be similarly formulated. 

25 An amino acid sequence corresponding to an epitope of 

gp7 5 either in monomer ic or multimeric form may be 
obtained by chemical synthetic means or by purification 
W from biological sources including genetically modified 

^ microorganisms or their culture media. [See Lerner , 

30 . "Synthetic Vaccines", Sci. Am. 248(2) :66-74 (1983).] The 
polypeptide may be combined in an amino acid sequence with 
other polypeptides including fragments of other proteins, 
Jlp as for example, when synthesized as a fusion protein, or 
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linked to other antigenic or non-antigenic polypeptides of 
35 synthetic or biological origin. 



WO 91/02062 



PC17US90/04340 



-42- 



The term "corresponding to an epitope of a gp75" will 
be understood to include the practical possibility that, 
in some instances, amino acid sequence variations of 
naturally occurring protein and polypeptide may be 

5 antigenic and confer protective immunity against 

neoplastic disease and/or anti-tumorigenic effects. 
Possible sequence variations include, without limitation, 
amino acid substitutions, extensions, deletions, 
truncations, interpolations and combinations thereof. 
10 Such variations fall within the contemplated scope of the 
invention provided the protein or polypeptide containing 
them is immunogenic and antibodies elicited by such a 
polypeptide or protein cross-react with naturally 
occurring gp75 proteins and polypeptides to a sufficient 

15 extent to provide protective immunity and /or 

ant i -tumor igenic activity when administered as a vaccine. 

Such vaccine compositions will be combined with a 
physiplogically accepttfblre medium, including 

20 imiauTvologicalily^ acceptable diluents and carriers as well 

as commonly emp Ipy ed a d j u va nts such as Freund • s Complete 
Adjuvant, saponin, alum, and the like. Administration 
would be in iiiununo 1 6g i da 1 ly effective amounts of the gp75 
proteins or polypeptides, preferably in quantities 

25 providing unite dbses^of from 0.01 to 10.0 micrograms of 

i|nm^ protein and /or polypeptide per 

kilogram of the reci^f^nt 1 s body weight. Total protective 
doses may range from 0*1 to about 100 micrograms of 
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Routes of administration , antigen dose, number and 
frequency of injections are all matters of optimization 
within the scope of ordinary skill in the art. 
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Therapeutic Use of qp75 Proteins and polypep tides 

The gp75 proteins and polypeptides of this invention 
may further be used therapeutically in the treatment of 
5 neoplastic disease, either alone or incombination with 

chemotherapeutic drugs. The fact that the external domain 
of c-erbB-2 is shed into body fluids as an intact molecule 
lends itself to therapeutic uses. An excess of gp75 
unattached to the cell may compete with and interfere with 

10 the binding of the putative ligand for c-erbB-2 to the 

oncogene's cell surface receptor in a manner analogous to 
that of the CD4 receptor and HIV-l 1 s gpl20 envelope 
protein as outlined above in the Background [Smith et al. , 
supr a , (1987)]. Alternative mechanisms to explain the 

15 therapeutic effects of gp75 proteins and polypeptides may 

be to prevent or disrupt receptor /receptor interaction 
between c-er bB^2 .express ing cells that f acilitate 
tumor igen icity i 

20 Such therapeutic methods comprise the administration 

of c erbB-2 exterheil domain material e its fragments, or 
peptides derlv^^^ part of its sequence, to patients. 
The high circulating levels of gp75 proteins/ polypeptides 
could be expecMcl to reduce or eliminate tumor growth as 

25 described above* The gp75 protein/ polypeptides can be 
administered ar therap^uticaly ef f ective amount 
dispersed £n a ph^ acceptable, nontoxic liquid 

vehicle. Houses of administration and dosages may be 
similar to those noted under Vaccines above. 

30 

Definitions 

The term "gp75" is herein defined to mean a 
glycoprotein having an approximate molecular weight of 75 
35 kilodaltons (kd) that constitutes the external domain of 
the approximately 185 kd glycoprotein (gp!85) that is 
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c-erbB-2. The terra "gp75" is precisely defined by its 
nucleotide and amino acid sequences shown in Figure 16; 
the gp75 external domain comprises the region from about 
amino acid number 22 (serine; ser-22) to about amino acid 
number 653 (serine; ser-653) (said amino acids are marked 
by black circles above them in Figure 16) with the 
nucleotide sequence corresponding thereto. The amino acid 
sequence represents the nonglycosylated version of gp75 
which would be expected to have an approximate molecular 
weight of 69 kd (Coussens et al., supra ) . Included with 
the scope of the term gp75 are glycoproteins produced 
recombinantly by yeast and higher eukaryotes that have 
varying amounts of glycosylation which affect the 
molecular weight of the protein product; for example, a 
small amount of gp90 was produced in stably transformed 
gp75^expressing CHO cells as indicated in Example 1 below. 

The phrase "intact gp75" is herein defined to mean 
the gp75 external domain expressed upon the surface of a 
cell* Therefore, the intact gp75 would still be attached 
to the cell through the transmembrane region. 

A " polypeptide is a chain of amino acids covalently 
bound by peptide linkages and is herein considered to be 
composed of 50 or less amino acids. \ "protein" is herein 
def ined to be a po^lyf^ptiide composed of more than 50 amino 
acids. 

The phrase > 6 gp75 proteins and polypeptides" is herein 
defined to mean proteins and polypeptides which are 
encoded by the gp75 external domain DNA sequence as shown 
in Figure 16 (nucleotides encoding from approximately 
ser-22 to approximately ser-653) or by fragments of said 
gp75 DNA sequence. The phrase "gp75 proteins and 
polypeptides" is herein interpreted to include proteins 
and polypeptides which have substantially the same amino 
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acid sequences and substantially the same biological 
activity as the "gp75 proteins and polypeptides". 



10 



It is understood that because of the degeneracy of 
the genetic code, that is, that more than one codon will 
code for one amino acid [for example the codons TTA, TTG, 
CTT, CTC, CTA and CTG each code for the amino acid leucine 
(L) ] , that variations of the nucleotide sequence of Figure 
16, wherein one codon is substituted for another, would 
produce a substantially equivalent protein or polypeptide 
according to this invention . All such variations in the 
nucleotide sequence for gp75 are included within the scope 
of this invention. 



15 it is further understood that the gp75 DNA sequence 

as shown in Figure 16 represents only the precise 
structure of the naturally occurring nucleotide sequence. 
It is expected that slightly modified nucleotide sequences 
will be found or can be modified by techniques known in 
20 the art to code for similarly serologically active, 

immunogenic and/or antigenic proteins and polypeptides, 
and such nucleotide sequences and proteins/polypeptides 
are considered to be equivalents for the purpose of this 
invention. DNA haying equivalent codons is considered 
25 within the scope of the invention, as are synthetic DNA 

sequences that encode proteins/polypeptides homologous or 
substantially homologous to the gp75 DNA sequence and as 
are DNA sequences that hybridize to the sequences coding 
for gp75 proteins/polypeptides , as well as those sequences 
30 but for the degeneracy of the genetic code would hybridize 
to said gp75 sequences. Further, DNA sequences which are 
complementary to the gp75 sequences referred to herein are 
within the scope of this invention. Such modifications 
and variations of DNA sequences as indicated herein are 
35 considered to result in sequences that are substantially 
the same as the gp75 sequence or portions thereof. 
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Typically, such related nucleotide sequences are 
substantially the same which fall into the definition of 
substantially homologous. 

5 Further, it will be appreciated that the amino acid 

sequence of gp7 5 can be modified by genetic techniques. 
One or more amino acids can be deleted or substituted. 
Such amino acid changes, especially if in a region which 
is not within an epitope of the polypeptide, may not cause 

10 any measurable change in the serological, antigenic and/or 

immunogenic activity of the protein or polypeptide- The 
resulting protein or polypeptide will have substantially 
the same amino acid sequence and substantially the same 
biological activity and is within the scope of the 

15 invention. 

Preferably, when the gp75 proteins/polypeptides are 
administered with Chemother apeutic agents, those agents 
are alkylating agents. Preferred chemotherapeutic drugs 
20 for the method are cisplatin, carboplatin and mephalan. 
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Abb rev iations 



The following abbreviations are used in this application: 

5 ATCC - American Tissue Culture Collection 

BCA - bicinchoninic acid 

BSA - Bovine serum albumin 

CHO - Chinese hamster ovary 

DAB - diaminobenzidine tetrahydrochloride 

10 DHFR - dihydrof olate reductase 

DMEM - Dulbecco modified Eagle medium 

EDTA - ethylenediaminetetraacetic acid 

EGF - epidermal growth factor 

EGFr - epidermal growth factor receptor 

15 EGTA - ethylene glycol-bis (0-aminoethyl 

ether) -N,N,N' ,N' tetraacetic acid 

ELISA - enzyme labeled immunosorbent assay 

FAGS - fluorescent activated cell sorting 

FBS - fetal bovine serum 

20 FITC - fluorescein isothiocyanate 

HAT - hypoxanthine a: inopterin thymidine 

HBSS - Hank 1 s balanced salt solution 

HEPES - 4- (2-hydroxyethyl) -1-piperazineethane- 
sulf bnic acid 

25 HPLC - high pressure liquid chromatography 

HRP - horseradish peroxidase 

IfiMA - i mmunor £ d i oxne tr i c assay 

MEM - minimal essential medium 

MTf - 3 - ( 4 , 5 -dime thy 1th i a z oy 1 - 2 -y 1 ) -2 , 5-diphenyl 

30 tetrazolium bromide 

MTX - methotrexate 

lIHjS - N-hydroxysuccinimide 

PBS - phospha t e- bu f f er ed saline 

PEG - polyethylene glycol 

315 PMSF - pheny Ime thy 1 su 1 f ony 1 f luor ide 

PNJPP - par a^n it r ppheny 1 phosphate 

R#A - radioimmunoassay 

Ri&I - Rdiswell Park Memorial Institute 1640 media 

RT - room temperature 

40 SDS - sodium dodecyl sulfate 

SPS^PAGE - sodium dodecyl s-ulf ate-polyacrylamide gel 
electrophoresis 

TAb/MAb - monoclonal antibody 

TCA - trichloroacetic acid 

45 TMB - tetramethyl benzidine 

TRIS - tris(hydrdxymethyl) aminomethane or 

amino-2-hydroxymethyl-l , 3-propanediol 
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Cell Lines 

The following cell lines were used in the experiments 
herein described: 



10 



15 



SKBR3 



SKOV3 



MCF7 



Human breast cancer cell line which 
originated as a metastatic pleural effusion 
was obtained from the ATCC, catalog 

# HTB30 . 

Human ovarian cancer cell line which 
originated as a metastatic ascitic effusion 
was obtained from the ATCC, catalog 

# «TB^7 . 

Human breast adenocarcinoma cell line from 
av^leuii&l effusion was obtained form the 

M&g:, ^G'&k&W&q-' # HTB22 . 



20 



MDA361 



^:H^mari^-^re;ast' cancer cell line which 
•'6^g^Sted w ./as -.a metastatic •tumor - 'to tho 
bra^ffi w^s vobta ined from the ATGfc, catalog 



25? 



3$ 



35 



so?. 



KD7.435 



;MDA4\68 



yM*I»3:T3r : 



tHBElQO; 



. >«n*a^^ from the ATCC; catalog 

• :^#HT^9f- •• 

_ whi^h or i^inf^d; as" 

''^^M^^^^^^^^^i'^ ■■ ^fef u'sibn : and ' contains 
>^ from the ATCC > 

- :~;: ; ^at^^ 

line obtained from 
■ %jSp^^bn^ [ Science; 23^7 : i?:8 ■ ( 1987) j; 

''^ :;W^r^ne, ^)|^;c^la:st - cell line trans feet ed 

V ^ #|io^sff|Aaro ' ' r Science / 237 : 178 



.~3$t^f^ normal breast cancer cell 

vliS^{SjSr ^i^Sa ef r bm humaiv milk is 

•i^o^Mzfe&^ith' SV-40 and was obtained 

f ro^^ catalog # HTB124 . 

S^^'-^^^i^jmed Af r lean green monkey cells 
wMio& : / '-6&bained f rom the ATCC catalog 



^Hb^(4kbll) - GMhesfe hamster ovary cells were obtained 
' fMbin the UCSF cell culture facility ♦ 



snemt 
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Growth Media 

The following growth media were used, for the cell lines 
as indicated, in the experiments herein described: 



SKBR3 , 
MDA4 68 
MDA4 3 5 



SKOV3 



MDA361 



HBlilOp 



COS? 



Cells were cultured in Minimal Essential 
Medium (MEM) , [Gibco Biologicals Inc., 
New York] , 10% heat inactivated fetal bovine 
serum, 0.29 tig/pl L-glutamine. 

Cells were cultured in lscove's Modified 
Dulbeceo's Medium ( IMDM) , 10% heat 
inactivated fetal bovine serum , 0.29 Mg/Ml 
L-gloit amine. 

Cells were cultured in RPMI 1640, 10% heat 
inactivated f^tal bovine serum, 1 /ig/;/il 
bovihie pancreatic insulin, 0.29 /ig/jul 
L^glutamihe . 

Cells-weire cultured in McCoy 1 s 5A medium , 
1 6* hea£ inactivated fetal bovine serum, 
0.29 4ig/^l -lr ; glutamirie . 

C^tOfifew^rfc in Dulbecco 

• :mad$^^^ ( DmM); siiipplfe^ented 



GHp|^dxbi>l) - 



periiic #M in and 100 Mg/Ml 



del Xsi^i^^ in v- a --MEM: ■ ^si 

©e 1 1 i Mer fci^ in DMEM + 4 % FBS, 2# 
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Methods 

The following methods were used in the examples 
below. 

Protein Analysis 

Proteins were analyzed by SDS-PAGE as described by 
Laemmli, Nature, 222:680-685 (1970), which article is 
herein incorporated by reference, using a 4% acrylamide 
stacking gel with a 10% resolving gel, both containing 
0.2% SOS. Samples were applied in 50 microliter (jil) of 
sample buffer [63 millimolar (mM) TRIS, pH 6.8, 10% 
glycerol, 5% 2-mercaptoethanol , and 2.3% SDS] and were 
e lectr ophor esed for four hours with a constant current of 
20 milliampere (mA^) , The molecular weights of proteins 
were est imated by ^their mobilities relative to standard 
proteins of kndwri molecular weight. Protein concentration 
was <de%ermtoed- v i^irig--^a Gdpmassie blue dye-binding assay 
(Bio-^Raid Laborafeori^s , Richmond, CA) . 

Western PI ots 

To chMacitefcizie an antigen identified by an 
apprdpr^at^ ^atit%o£y , a modification of the Western blot 
a^^sc^&d %t|pw&in ,^t al,, p?p gt Natl. Acad. S£i. , 

mi:m$ti*m&* <W9) , which article is herein 
incorporate was used in which the proteins 

are trans f erted from SDS-PAGE gels to nitrocellulose 
filters and identified by the appropriate monoclonal 
antibody. Afiter transfer to the nitrocellulose filters, 
excess protein binding sites were blocked by soaking the 
filters in PBS containing 3% BSA. The antigen was located 
by incubating the sheet in 30 milliliter (/il) of PBS 
containing 1% BSA and 1-2 X 107 counts per minute (cpm) of 
iodinated antibody for one hour. The filter was then 
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rinsed, dried, and autoradiographed. (As little as 100 
picograin (pg) of protein can be detected with this 
procedure. ) 

Preparation of Antibodies 

Preparation of P olyclonal ftT^ hnri y- q ;> 

New Zealand white rabbits were immunized with 50-200 
coli recombinant antigen representing the N-terminal 
81% of the c-erbB-2 protein. The initial immunization 
consisted of the antigen emulsified 1:1 (vol/vol) in 
Freund's complete antigen, and injected at two 
subcutaneous sites. Two subsequent boosts were given at 
two week intervals, with the antigen emulsified in 
incomplete adjuvant.. The animals were bled every two 
weeks via ear vein and the sera assayed by Western blot 
against gp*85 expressing cell lysates , by reactivity on 
the cell based ELISA (described below) , by 
immun opr e ci£it a t io n of the gpl85 protein from radiolabeled 
cell lysates, and by immunopr ec ip i tat ion of the gpl70 
protein from radiolabeled A4 31 cell lysates . The eera 
demonstrated ^strong reactivity with gpl85 by Western blot 
after 2 boosts and cross-reacted with the EGF receptor 



PrfePara tl on of Pol vc lonal Antibody: 9.2 

babbit polyclonal antiserum was made against a 14 
amino acid peptide at the C- terminus of the c-erbB-2 
protein . An immunization similar to that described above 
was used. This antiserum specifically precipitates a 
185kd protein from membrane preparations of cells 
expressing the c-erbB-2 protein. It does not cross-react 
with the EGF receptor . 
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Prepara tion of Monoclonal c-erbB-2 Antibodies 

Balb/c mice were immunized intraperitoneally and 
subcutaneously with either 2xl0 6 -lxl0 7 NIH3T3 cells 
5 transfected with the c-erbB-2 oncogene, NIH3T3 t , (kindly 
provided by Dr. S. Aaronson, NIH) [Di Fiore et al., 
ggjenpe, 212:178-182 (1987)], or with a similar number of 
SKBR3 cells emulsified 1:1 (vol/vol) in complete Freund«s 
adjuvant. The animals were boosted every two to four 

10 weeks with cells emulsified in incomplete adjuvant. Sera 
was collected every two weeks and tested for reactivity in 
an ELISA assay (described below) against formalin fixed 
NIH3T3 or fixed NIH3T3 t cells. Animals with positive 
titers were boosted intraperitoneally or intravenously 

15 with cells in PBS, and animals were sacrificed 4 days 
later for fusion. Spleen cells were fused with 
P3-X63Ag8.653 myflpma /cells at a ratio of 1:1 to 7.5:1 
with PEG 4000 as d e s cri]bed by the procedure of Kohler and 
Milstein X^SS^!^^^$^4^W97 (1975) ] • Fused cells were 

20 gently washed and > ^%^ed in 9 6 -we 11 plates at 1-4x10* 

cells //il in RPMI. vWeiys; were fed with HAT medium 24 hours 
after the fusion ' andM^en every 3 days for 2-3 weeks. 
When colony formation was visible, after 10-14 days, the 
supernatants wer:fe| ^^ted for reactivity in the ELISA 

&5 assay, ':P^§sp.ec1&^ dempnstr at ing good growth were 

^ ^ rescreened 7-10 days 

later. Pos±^i^fia:etl^s^w&^B then assayed for external 
domain reactivity against live NIH3T3 and NIH3T3 t cells by 
flow sorting analysis. Hybridomas (designated parent 

30 hybridomas) which were positive both by ELISA assay and 
flow sorting analysis were cloned either by limiting 
dilution cloning or by single cell deposition, based on 
flow sorting analysis of surface immunoglobulin 
expression, into 96-well plates containing spleen feeder 

35 cells. Wells demonstrating growth were retested by ELISA 

and recloned an additional one to three times. 
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Supernatants from hybridoma clones were tested for isotype 
and subisotype, reactivity to surface expressed gpl85 
protein on NIH3T3 t cells by flow sorting analysis, and 
immunoprecipitation of a labeled gpl85 protein from 

5 transfected cells. Positive hybridomas were grown and 

injected into pr istane-primed Balb/c mice, Balb/c nude 
mice or IRCF1 mice for ascites production. Ascites were 
purified by HPLC on a Bakerbond ABx column and purified 
monoclonal antibodies (referred to by TAb #) were dialyzed 
10 against PBS and stored at -20°C. All purified antibodies 

were tested for isotype and subisotype by radial 
immunodiffusion (with less than 15% contaminating 
isotypes) cell surface staining of gpl85 expressing cell 
lines by flow sorting analysis, ELISA assay against 

5 transfected and untransf ected NIH3T3 cells, 

radioimmunoprecipitation of gpl85 from labeled c-erbB-2 
expressing cell lines, lack of cross-reactivity with the 
closely related EGF-receptor protein by the failure to 
precipitate a radiolabeled 170kD protein from radiolabeled 

0 A-4 31 cells, and analyzed by SDS-PAGE and gel densitometry 

(all purified proteins are >90% immunoglobulin) . All 
monoclonal antibodies failed to recognize the gnl85 
protein by Western blot techniques. A summary of the MAbs 
developed to date and the reactivity of these MAbs is 

5 outlined in Table 1. A29 is the parent hybridoma to 

monoclonal antibodies, TAB 250-254. In some of the early 
experiments, as indicated, the supernatant from the A29 
hybridoma was used. 
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Flow Sorting Analysis 

NIH3T3 and NlH3T3 t (or other c-erbB-2 expressing cell 
line) cells were grown to 80% confluency in DMEM + 4% FBS. 
5 Cells were harvested with Puck's Versene, and washed twice 

with cold FACS buffer (HBSS without phenol red, 2% FBS, 
0.2% sodium azide, lOmM HEPES) . Cells were distributed at 
0.5-1. OxlO 6 cells per 12x75 mm glass test tube (cells 
should be >90% viable), pelleted, and the supernatants 

10 removed. The tubes were placed on ice and 100 /il of 

supernatants or purified antibodies were added per tube. 
Each antibody or supernatant was tested against both 
NIH3T3 cells as well as NIH3T3 t cells. The antibody was 
incubated with the cells on ice for 1 hour. The cells 

15 were washed twice with cold FACS buffer, and 100 /xl of a 
FITC-conjugated goat anti-mouse secondary antibody was 
added. After 1 hour oh ice, the cells were washed twice 
with FACS buffer and resuspended to 500 /il with 10% 
neutral buffered formalin. The resuspended cells can be 

2 0 stored wrapped in foil for up to 2 days at 4°c. The 

labeled cells were analyzed in a Coulter EPICS 541 flow 
sorter and a mean peak channel fluorescence determined for 
5000 cells. The mean peak for reactivity to NIH3T3 t cells 
was compared to the mean peak for reactivity to NIH3T3 

25 cells. For antibodies reacting with the external domain 
portion of gplSS, the peaks were non-overlapping. 

Antibody Assays 

30 Polystyrene plates (96-well) were coated with 100 ng 

of a lysate from c-erbB-2 expressing cells diluted in PBS. 
The lysate was prepared by adding 2-3 /il cold lysis buffer 
(0.15 M NaCl, 0.1% Triton X-100, 0.1% deoxycholate, 0.1% 
SDS, 10 mM Tris pH 7.4, 1 mM PMSF) to 2xl0 6 -lxl0 7 cells 

35 and incubating on ice for 15 minutes. Lysates were 

centrifuged at 10,000g for 20-30 min and supernatants were 
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assayed for protein, aliquoted and stored at -20°C. The 
plates to which lysate was added (referred to as the 
competition plates) were incubated overnight at room 
temperature and then washed with PBS. Another 96-well 
plate (incubation plate) was blocked with 1% BSA in PBS 
(100 jxl/well) for 1 hour at room temperature. These 
plates were washed and antigen (either supernatants from 
gp75 expressing CHO cells, mouse sera, or cell lysate 
preparations) was mixed with TAb 251 at 5 ng//il in the 
wells, and the plates were incubated for 2-4 hours at room 
temperature. The competition plates were similarly 
blocked with 1% BSA/PBS and washed and 100 Ml of the 
incubation mixture was transferred from the incubation 
plates to the competition plate and incubated 1 hour at 
room temperature. The plates were then washed with 
PBS/0.05% Tween 20 and a biotinylated goat anti-mouse IgG 
antibody was added at 1:400 dilution (vol/vol), 100 m! per 
well. The plates were incubated 30 minutes at room 
temperature, washed and 100 jxl of a Strepavidin-HRP 
conjugate was added at a 1:8000 dilution (vol/vol). After 
an additional 30 minute incubation at room temperature, 
followed by an ash step as described above, the TMB 
substrate was added at 100 /il/well. This substrate was 
prepared immediately before use by mixing 5 /il. TMB stock 
(1 /ig/jil 3 , 3 1 , 5 , 5 1 tetramethylbenzidine in methanol) with 
5 /il citrate buffer, pH 4.5 and 4 fil 30% hydrogen 
peroxide. After a 15 minute incubation in the dark at 
room temperature, the absorbance was measured at 450 nm. 
The TAb 251 preincubated with PBS was used as an 
uncompeted control to determine maximum binding to lysate 
coated competition plates. 

ELISA Assays 



Polystyrene 96-well plates were pretreated for" 2 
hours at 37 °C with bovine collagen at l jig/Ml in sterile 
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PBS at lOOpl/well. NIH3T3 or NIH3T3 t cells were grown to 
80% confluency in DMEM + 4% FBS , harvested with warm 
Puck's Versene, washed and plated overnight at 37 °C at 
lxlO 6 cells//il, 100 Ml/well, in the previously treated and 
washed collagen plates. Plates were gently washed and 
treated for 1 hour with 100 jil of 10% neutral buffered 
formalin. The plates were again washed with PBS, and 
blocked with 1% BSA in PBS for 1 hour at 37 °C. Sample 
supernatants or antibody dilutions were then added to the 
coated, blocked and washed plates at 100 /il per well and 
the plates were incubated for 2 hours at 37 °C. After 
another PBS wash step, 100 jil of a 1:500 dilution of an 
alkaline pbosphatase-conjugated goat anti-mouse IgG 
Fc-specif ic secondary antibody was added and the plates 
were incubated for 1 hour at 37 °C. After a final PBS 
wash, a BioRad substrate (PNPP + diethanolamine) was 
added, and after a 10-15 minute incubation at room 
temperature, the absorbance was measured at 4 05 nm. 

Immunoperoxidase Staining 

The immunoperoxidase staining procedure used was a 
modification of the avidin-biotin immunoperoxidase 
technique of Hsu et al., J. Histochem. Cytochem. , 29, 
577-580 (1981) as described by Horan-Hand, et al. Cancer 
Res., 43, 728-735 (1983), both of which articles are 
herein incorporated by reference. 

The following examples are presented to help in the 
better understanding of the subject invention and for 
purposes of illustration only. They are not to be 
construed as limiting the invention in any manner. 



9 1 702062 PCT/ US90/04340 

-59- 

Example l 

Expression of c-QjrbB-? i n CBQ C^l? 

c-erbB-2 Vector Construction 

A 2.0 kb fragment of the c-erbB-2 cDNA encoding the 
extracellular domain of the putative c-erbB-2 protein was 
excised from the Okayama-Berg cloning vector, pSV7186 
(available through Pharmacia, cat, #27-4948-01) using Ncol 
and Aatll, blunt-ended using T4 DNA polymerase, and 
ligated with EcoRI linkers (NE Biolabs, cat* #1078). The 
initial c-erbB-2 cDNAs were isolated by D. Slamon (UCLA) 
and were derived from a female patient with adenocarcinoma 
of the breast (see Figure 16 for the complete nucleotide 
sequence for c-erbB-2). The EcoRI-linkered partial 
c-erbB-2 cDNA was then subcloned into EcoRI digested 
pFRSV, an SV40r-based derivative of pFR400 (Horwich et al. 
1985). To construct pFRSV, a 2.6 kb PvuII/Kpal fragment 
was isolated from pKSVlO (commercially available through 
Pharmacia, cat #27-4926-01) , and blunt-end cloned into 
PvuII-digested pFR4 00. The Bglll site at nucleotide 
position 5107 of pKSV-10 had previously been converted to 
an EcoRI site by site-directed mutagenesis (Zoller and 
Smith 1987) leaving a unique RI cloning site in the final 
construct, pFRSV. This vector also contains the dominant 
selectable marker, DHFR, which was utilized for 
amplification of the gp75 c-erbB-2 derivative. The final 
construct, designated pFRSV-c-erbB- 2sec (Figure 3) was 
transformed into £. coli strain, MC1061, and plasmid DNA 
was isolated according to Maniatis et al. 1982. 



Transfection of pFRSV-c-erbB-2sec 



Transient expression of the plasmid was monitored 
using C0S7 cells and calcium phosphate (CaP04) -mediated 
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transfection (Graham and van der Eb 1973). Cells were 
split 1:10 onto 100 mm tissue culture dishes 24 h prior to 
transfection (app. 3 0-50% confluency) . 20 /ig (in 10 /i 
vol) of the plasmid construct in .49 jxl 2X HeBS was mixed 
5 with .5 Ml of .25 M CaCl 2 . [see Ausutel et al. (eds.) 

1988)] which was slowly bubbled into the DNA/HeBS mix, 
vortexed for 10 sec, and then allowed to stand at room 
temperature for 20-30 min to allow for formation of the 
DNA precipitate. This precipitate was then added to the 

10 dish of C0S7 cells, and the cell/precipitate mix was 

incubated at 37 °c, 5% C0 2 for 15 h. The precipitate was 
washed from the cells with phosphate-buffered saline 
(Gibco) , incubated in complete growth medium (DMEM) and 
assayed for expression of c-erbB-2 48 h following 

15 introduction of the DNA. 

Stable expression of pFRSV-c-erbB-2 setc was obtained 
in GHO cells after using CaP0 4 -mediated transfection (see 
above.).* The DNA precipitates were made exactly as 

20 described above using 20 jig of plasmid DNA and four 100 mm 

dishes of GHO cells. Each transfected 100 mm dish was 
split 1:20, 72 h foil owing introduction of the plasmid, 
and cultured for 18 days in a -MEM (lacking nucleosides and 
nucleotides) coht^ini 10% dialyzed fetal bovine serum 

25 and 20 nM MTX. ^p^ise amplification was initiated, 
cells were pa^ag^ every 6 days into increasing 
concentrations of iMTX (100 nM, 2.5 mM, 12.5 mM and 50 mM) . 
These MTX-resistartt populations were cloned by limiting 
dilution follbvinf 21 days of growth in MTX. 10 6 cells 

30 from one of fchese populations were diluted in growth 

medium (see above) as follows: 2X, 1: 100, then 2X 1:10, 
resulting in approximately 1 cell/well of a 96 well 
micrptiter plate (Cos tar) . The cells were maintained in 50 
mM MTX and expanded successively into 24- and 6-well 

35 microtiter plates , followed by 60 mm dishes over a period 
of three weeks . The MTX-resistant clones were then 
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assayed for gp75 expression by radioimmunoprecipitation, 
immunofluorescence , and Western blot. 

Immunofluorescence 

5 

Cellular localization of gp75 was detected using 
anti-c-erbB-2 TAb 252 or the supernatant from the parent 
hybridoma thereof A29. (See Methods above for methods of 
preparing said MAbs. ) Cells were unadhered with PBS/5mM 

10 EDTA, washed 2X with PBS, and fixed in 2 ^1 4% 

p - f oraa 1 dehy de / PBS for 10 min at 37 °C. Cells were washed 
in PBS , incubated in 0.6% n-octyl-glucoside/PBS for 5 min 
at RT to permeabilize membranes, and then resuspended in 
IX ;HBSS containing 2% FBS and 10 mM HEPES , pH 7.0 

15 containing iq. Mg^M 1 of either of the anti-c^erbB-2 MAbs. 

This;tiri^ primary antibody was performed on 

. ' ^^^lo^ ; :^p^m0^; foll^we^d by - two washes ■ in. PBS. Cells were 

JC0-^' -Zt^ HBSS containing FITC-F ( ab • ) 2 

>:fj&§^ Catalog #4950) . Transf ected 

-2T$. <:: .-^ a non-specific murine myeloma 

IgGl (Litton Biohet ics ) . 



P®;f ' • tefc^ £1IP^ - V'' " -.^ahsftfe^ ■ or ■ stably expressing 



'iS&k^ in 60 mm dished to 80% 

i 4^ni|tienc^v |ra|jiffi^h^n - s^iy ed- in 2 (il cyst ine--f ree media 
v V -^of^^ with 200 mCi 

h-\ '^3&Sr&^^ « 600 Ci/mmol; Amersham) 

3;p| : S : " -:)|or -^kM' -ate . 37 °C , 5% COj. The supernatants were then 
•ff t r C v , : ;S^ryes^ in l mM PMSF at -20 °C. The cells 

: 4^ co|td^hospha*e-buf f ered saline and lysed 

1#3RIPA buffer [ 0.15M NaCl, 1% Triton X-100 
(iOMl/t) lfc :deoxycholate ( lOg/L) , 0.1% SDS ( lg/L) , 
jS^; ;>'- ; ^-:\it)^^-Tris ; pHn 7 ;4 , ImM PMSF] per dish. After preclearing 
the ly sates with protein A- sepharose ( 60^1 per 400/il of 



I 
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lysate) , 10/il of the lysates were TCA precipitated to 
check for uptake. The lysates were then normalized for 
4X10 6 counts per sample and incubated overnight with the 
antibody at 4°C on a rocker. The supernatants were 
5 concentrated and equivalent amounts were incubated 

overnight with the antibody (4°C on a rocker). After 
overnight incubation, samples were precipitated with 60jul 
of protein A- sepharose for 30 min. at 4°C and then spun 
down and washed with IX RIPA four times. The adsorbed 
10 immunocomplexes were, after final wash, resuspended in 

3 5/il of 2X Laem/ili buffer, boiled 5 min. and 
electrophoresed through a 7% acrylamide gel. The gel was 
then fixed, dried and exposed overnight. 

15 For the Western blot, a 7% SDS-acrylamide gel was run 

and blotted with Tris- glycine-methanol buffer onto 
nitrocellulose. Blocking and incubation was done in 10% 
milk and 2% BSA. The method of detection was 
biotin-avidin with DAB as the substrate (diaminobenzidine 
20 tetrahydrochloride in .1M Tris, .02% hydrogen peroxide). 

The blot was washed with a .05M Tris, .25M sodium chloride 
(NaCl) , 3mM EDTA, .05% Tween 20 solution. 

Detection of the Soluble c-erbB-2 Derivative (gp75) in CHO 
25 Cells 

The pFRSV^cerbB-2sec construct was introduced stably 
into CHO dxll as described above, and reactivity with 
anti-c-erbB-2 TAb 252 was examined in both cell lysates 
% 30 and supernates following the step-wise increase in MTX 

concentration, resulting in the anticipated amplification 
of gp75. Using RIP analysis as elaborated previously, the 
major portion of gp75 was detected surprisingly in cell 
lysates; a substantially lesser amount was observed from 
35 the supernatants of the stably expressing gp75 CHO 

population. Immunofluorescence was performed to aid in 
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determining why this should occur since the construct did 
not contain a hydrophobic transmembrane domain, and, thus, 
should have been secreted into the supernatants of the 
gp75 stably transfected CHOs. Immunofluorescence analysis 
5 revealed roughly 30% of one transfected CHO population and 

10% of a second population were reactive with the 
anti-c-erbB-2 TAb 252 and the protein did not appear to be 
localized to any particular organelle egs. lysosomes, 
nucleus. We assumed that that we could increase the 

10 secreted fraction of gp75 by limit dilution cloning of 

either of the gp75-expressing CHO populations. Individual 
MTX-resistant (50mM) clones were obtained, expanded, and 
assayed for gp75 expression using the anti-c-erbB-2 TAb 
252. Immunofluorescence analysis, RIP analysis and 

15 Western analysis confirmed the successful cloning and 

expression of gp75. Expression levels of secreted gp75 
from CHO clones were approximately 10-20 fold greater 
compared with the unclpned populations. 

20 To examine the possibility that a 'soluble 1 

derivative of c-erbB-r2 might occur in vitro, competition 
for binding to an anti-c-erbB-2 TAb 252 recognizing an 
extracellular epitope was performed. The two cell types 
used for this experiment were NIH-3T3 stably transfected 

25 with a full length c^erbB-2 cDNA (King et al. , 1985) and 

one of the gp7 5 ^ expr es sing CHO clones described above. 
Supernatant was cdllected from the clone which was 
previously in vitro labeled using 35S-cystine. 
Competition was performed using a constant amount of 

30 anti-c-erbB-2 antibody TAb 252, a constant amount of 

labeled gp75- CHO supernatant with increasing amounts of 
3T3-c-erbB-2 unlabeled cell lysate, SDS/PAGE revealed 
that as the concentration of unlabeled ZT3-c-erbB-2 
(gpl95) increased, the intensity of the RIP band at 

3 5 approximately 75Kd decreased proportionally (Figure 4) . 

This strongly suggested that a soluble form is * released' 
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from cell types expressing a membrane-bound form of this 
protein, and there is apparent heterogeneity in 
glycosylation among different cell types. The supernatant 
from the gp75 expressing CHO cells competed the binding to 
the NIH3T3 t lysate (Figure 4). 

Example ? 

Purifjcatipn of Recombinant c-e r bB-2 Protein 
Plasmid Purification 

The plasmid DNA was amplified in a one liter culture 
of bacteria by adding 200 M9/m1 chloramphenicol to the 
cells at OD 600= 0.8. After overnight incubation at 37°c, 
the bacteria was pelleted and resuspended in 10 jxl of 50 
mM sucrose, 25 mM Tris-Cl (pH 8.0) and 10 mM EDTA. 
Another 10 vis of this solution with 10 jxg/ml lysozyme was 
added and incubated at room temperature for 10 min. 40 
mis of a 0.2M NaOH , 1% SDS solution was slowly added into 
the mix and incubated on ice for 10 min. Then 30 mis of 
3M sodium acetate pH 5.0 was added and the mixture was 
incubated another 10 min . on ice before centrifugation at 
20,000 rpm for 20 min. at 4°C in a Beckman SW27 or 
equivalent. The supernatant was precipitated with an 
equal volume of isqpropanol at room temperature for 20 
min. , and the ^precipitate spun down in a Sorvall at 
12, OOOg for 30 mil), at room temperature. The pellet was 
resuspended in 2.4 ml TE buffer (lOmM Tris-Cl pH 7.4, i mM 
EBTA) and mixed with 4.2 g cesium chloride (CsCl) and 0.4 
ml ethylene bromide (EtBr) (10 fig/ml) . The sample was 
then loaded into a 5/8 X 3 in. Beckman Quick-Seal 
polyallomer tube beneath a layer of CsCl solution, 
approximately 8 mis, (density «= 1.470 g/ml, n « 1.3780) 
and spun at 50,000 rpm in a Sorvall T127 for 18 hours at 
20°C. 
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Preparatjon of Imrounoaf finitv Gel 



lit 



Monoclonal antibody TAb 254 (See Methods above for 
5 preparation of said MAb) was coupled to an NHS activated 
affinity gel (Affi-Prep 10; Bio-Rad Labs, Richmond, CA) 
according to the manufacturer's directions. Briefly, 4.5 
/xg of purified antibody was exchanged into Coupling Buffer 
(20mM HEPES, pH = 7.5, 150 mM NaCl) , then concentrated by 

10 ultrafiltration to a final volume of 1.0 ml. This 

solution was added to 2.0 ml of gel pre-equilibrated in 
ice cold Coupling Buffer, and the slurry was mixed 
overnight at 4°C. After coupling, the gel was collected 
on a scintered glass funnel and washed with Coupling 

15 Buffer. Samples of the filtrates were assayed for protein 
using a BCA protein assay (Pierce, Rockford, IL) . The 
total protein recovered in all filtrates was 1.2 ^g. It 
was, therefore, assumed that 3.3 jig of IgG was coupled to 
the gel. 

20 

Remaining: reactive sites were blocked with 
2 ^aminoethanpl . 5.0 ^nl of a 100 mM 2 ^aminoethano 1 
solution in Coupling Buf ffer , pH « 8.5, was added to the 
gel , and the-^urry was mixed at room temperature for two 
•25^ hours. The ge^ ^as ttven washed extensively with PBS and 
stored at 4 °tc^ Sodium azide was added (final 
boncentraftiipn of ^ 02* w/v) to inhibit bacterial growth . 



3;0 



is^ation ^ the c-erbB-2 Extracellular 

Domain 



35 



Starting material for the purification of soluble 
c^erbB^2 extracellular domain protein was a 10-fold 
concentrate of the transf ected CHO supernatant. The 
concentrated supernatant was thawed and protease 
inhibitors were added to the following final 
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concentrations: 0.2 mM PMSF, 2.1 Mg/ml aprotinin, 2.5 
Mg/ml pepstatin A, 1.0 tig f ml leupeptin, 2 mM EDTA f 2 mM 
EGTA. The pH of the supernatant was adjusted to 7.0 with 
1.0 N sodium hydroxide (NaOH) . 



10 



In some experiments, the supernatant was concentrated 
another 4-fold by ultrafiltration. Additional 
concentration caused the supernatant to become turbid, and 
this turbidity was removed prior to chromatography by 
centrifugation (10,000 X g, 20 min.). 



15 



20 



25 



30 



35 



The supernatant was filtered through a 0.4 5 mm 
membrane, then loaded on a 0.5 X 5 cm column packed with 
the 254 immunoaff inity gel (l.o ml bed volume). The 
colrmn was loaded at a flow rate of 0.2 ml per minute. 
Nonspecif ically bound material was washed away with 10 mM 
sodium phosphate, pH = 7.0, 500 mM sodium chloride (NaCl) . 
Washing was continued until a stable baseline absorbance 
at 280 nm was reached. Specifically bound material was 
then e luted with a step gradient of 100 mM glycine-HCl, pH 
=2.5, at a flow rate of 0.2 ml/min. 1.0 ml fractions 
were collected. The column was then washed extensively 
with PBS. Loading, washing, and elution were carried out 
at 4°C (Figure 1) . 

The presence of c-erbB-2 protein in the column 
fractions was determined by SDS-PAGE and Western blot 
analysis (Figures 2A and B) . For Western blot analysis, 
antigen was detected using polyclonal antibody 92A (see 
Methods above for its preparation) (purified IgG fraction) 
at a 1/2000 dilution (vol/vol) . Fractions containing peak 
reactivity were pooled and dialyzed against PBS containing 
the protease inhibitors listed above. The dialyzed pool 
was then concentrated by ultrafiltration. Final protein 
yield was determined by BCA protein assay using bovine 
gamma globulin (Bio-Rad Labs, Richmond, CA) as a standard. 
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id 



Total protein yield from one chromatography cycle was 
about 90 jxg« This represented approximately 90% of the 
antigenic activity . in 500 ml of 10X concentrated 
supernatant, as determined by IRMA. Five loading and 
elution cycles were carried out on the same column without 
an apparent loss in antigen binding capacity. SDS-PAGE 
analysis of the eluent pool revealed two closely spaced 
bands at apprpximatel 7 5 fcD and a minor band at 90 kD. 
These differences in size are probably due to differential 
^^o^y^^^^^^P t of protein. 



15: 



Sim . 



E^amp^e ? 

Tmnun (IRMA) 

^radi(>l;^el^d using the 
tlvity of 10-20 mei/Mg. 
were- ;cp.a;tted-. with one -of 




• S -■ 'M M- ^0: 





f^|jpl^^ -wasHe^/and^ l^p^m^^c>f'- ; 

(adj^sfi|d to 2^0^ Q^Q 
were ada^d to the welis; 
temjSe^ :ghev 
wel^s were coiuhted in # 



£f|ai^ ' (1% B) was calculated using ■ 



ij6B'^m ;;(/cpm of sample/ total epm) x 100 
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For assays in which an affinity purified gp75 protein 
(from a transfected CHO cell line) was available, a 
sigcurve function was used to generate a standard curve 
from which unknown concentration were determined in ng/ml 
5 gp75 equivalents from the fitted function. 

Table 2 depicts which combinations of monoclonal 
antibodies were able to detect the gp75 protein in the 
sandwich IRMA format. Both a semi-purified gpl85 as well 

10 as a gp75 standard were tested in two of the IRMA formats. 

Interestingly, one of these formats utilizing TAb 251 as a 
capture antibody and TAb 255 as a labeled antibody, was 
able to detect signals from c-erbB-2 expressing cell line 
lysates and the gp!85 protein partially purified from 

15 NIH3T3 cells transfected with the c-erbB-2 oncogene, but 
was not able to detect the gp75 protein or a signal from 
nude mouse sera bearing c-erbB-2 induced tumors. This 
data, summarized in Table 3, along with data from the 
competition assay suggested that the final assay format 

;2id would need to detect gp75 protein in order to also detect 
a signal in nude mouse sera. The final assay format with 
appropriate; sensitivity and specificity for gpl85 as well 
as gp75 consisted of TAb 259 as a capture antibody and TAb 
256 as the •tracer antibody. This assay detected the 

25 partially pu^f ied gp75 protein with a sensitivity of 

O^S-l ng/ml, detected a partially purified gpl85, detected 
signals in cell lysates oyer expressing gpl85 and in nude 
mouse sera (summarized in Table 3). A standard curve for 
this assaiy showing increased sensitivity for the gp75 

30 protein is depicted in Figure 7. The TAb 256/259 IRMA 

assay was used to quantitate signals from cell culture 
supernataritSi eell lines, which are positive for the 
c-erbB-2 protein, shed an antigen which was detected and 
guantitated by this IRMA assay. Table 4 indicates that 

35 levels of shed antigen for a control NIH3T3 cell line are 
at background levels, whereas cell lines over expressing 
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gpl85 and shedding a gp75 molecule in the supernatant as 
detected by radioimmunoprecipitation also shed an antigen 
detectable in the sandwich IRMA and quant itated at 22 to 
7 0 ng/ml gp75 equivalents. The level of shed antigen 
depends on the level of c-erbB-2 over express ion as well as 
the conf luency of the cultures. 



m 

feu.. 
Mm:.-. 

wmttw-' 1 -"*' 



This format was used to analyze and quant itate all 
mouse and human- serum samples, and cell supernatants and 
10 cell lysates» Results from the competition and sandwich 

Assays ?are isu^arixed-- :'ih - Table 3 , and indicate a 
- ^ to detect the partially 

H^^S^^^ vdqmain protein /and = the . ability to 

• • ^idltfct from nude mice 

;j5i^^ -in serum samples from 
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TABLE 3: Comparison of Competition and IRMA Assays in the 
Detection of External Domain of c-erbB-2 and Shed Antigen 
in Serum Samples 
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Example 4 

Nude Mouse Tumor Growth and Treatment 

5 Balb/c nude mice were bled via tail vein prior to the 

start of the experiment. Animals were then injected 
(day 0) subcutaneous ly along the mid dorsum with 
5xl0 6 -lxl0 7 NIH3T3 t cells in 200 ml PBS. These cells were 
greater than 90% viable upon injection. The animals 

10 receiving treatment were injected 2-3 days after receiving 

cells (before tumor volume reaches 100 mm 3 ) with PBS, an 
IgGl control antibody or a TAb antibody at 100-500 pq/300 
ml injected intraperitoneally every two-three days. 
Growth was determined by measuring length, width and 

15 height of the tumor using vernier calipers and calculating 
the volume in mm*. Tumors were measured every 3 to 4 
days. Animals were bled via tail vein every week to two 
weeks until the experiment was terminated at 28-31 days. 
At the end of the experiment, animals were terminally 

20 bled, the tumors were measured and excised for subsequent 

immunohistochemical studies . 

Detection of Shed Antigen in Nude Mouse Sera 

25 In Figure 8 , the percent bound signal in the IRMA 

assay of a 1:5 s er urn dilution (vol/vol) was graphed as a 
function of tumor size at the time the serum was drawn ♦ 
These sera were from animals bearing tumors induced by the 
c-erbB-2 transfected NIH3T3 cells. The assay was able to 

30 detect an increasing signal with an increase in tumor size 
up to about 3000 mm 3 , after which the signal plateaued. 
Due to very strong signals and limiting amounts of sera, 
the sera are analyzed at dilutions of 1/5 to 1/625 
(vol/vol). Strong signals were frequently still observed 

35 at the highest serum dilution. When tumor bearing mice 
were treated with PBS or an IgGl control antibody, the 
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signal detected by the IRMA assay was similar to untreated 
mice (Figure 9) . However, when animals were treated with 
a TAb recognizing the c-erbB-2 external domain, the amount 
of shed antigen detectable by the assay was severely 
5 suppressed at tumor sizes up to 3000 mm 3 . Even in mice 

with tumor sizes >?>000mm 3 , signals were suppressed in 
about half of the sera tested. These data suggest that an 
antibody recognizing the external domain of c-erbB-2, or a 
portion thereof, may suppress the level of detectable 
10 signal in the sandwich IRMA assay. 

Human mammary or ovarian cell lines over expressing 
the gp!85 protein, grown in nude mice, also shed an 
antigen detectable in the c-erbB-2 IRMA assay as shown in 

15 Table 5. The signal correlates with increase in tumor 

size. MCF7 induced tumors remained small and did not shed 
a c-erbB-2 related antigen. The MDA468 cell line induced 
substantial tumor growth (>2000 mm 3 ) and had a substantial 
amount of EGFr but did not shed any antigen detectable by 

20 the sandwich IRMA assay (Table 5). 
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TABLE 5: Quantitation of . Shed Antigen in Sera from 
Nude Mice Bearing Tumors Induced by High 
and Low c-erbB-2-expressing Human Cell Lines 



Sample/ gpl85 Mouse 

Cell Line expressing Mouse 



Tumor 

Volume 

(mm 3 ) 



gp75 
equivalents 
(ng/ml) 



IP 



15 



20 



25 



30 



35 



#0 



45 



50 



Pretumor 
MCF7 



MDA4 68 



SKOV3 



++ 



MDA3;61 





0 


0 




17J 


n 

w 




540 


0 






n 


3 


594 
j j 


o 


1 


2436 


0 


2 


3328 


0 


*> 


£ / uu 


n 




553 


14.2 






1U* J 




1625 


29.4 




i ni i 


1 O 2 




*p V ™* *• 


12 3 


3 


540 


6 „ 8 




891 


5. 0 




1250 


10.0 




1260 


7.7 


4 


2681 


16. 3 




4128 


51.9 


1 


1924 


28.1 




3391 


34.4 


2 


3391 


73.5 




4000 


104.8 


3 


1211 


18.6 




882 


21.2 




1120 


22.5 




1252 


18.5 




1560 


21.9 




1640 


25.5 


4 


432 


7.4 




400 


7.8 




1309 


12.2 
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The competition assay was used to detect gp75 
antigens which compete the binding of TAb 251, an 
ectodomain reactive MAb, with a lysate from transfected 
NIH3T3 cells. Figure 13 demonstrates that lysates from 
5 cell lines expressing c-erbB-2 gpl85, such as the human 

mammary cell line BT-474 and the human ovarian cell line 
SKOV3, can compete the binding to the NIH3T3 t lysate 
comparable to the NIH3T3 t lysate. The control 3T3 cell 
lysate that was not transfected failed to compete* 
10 Likewise, a supernatant from CHO cells transfected with 
the gp75 external domain is shown to compete the binding 
to the NIH3T3 t lysate (Figure 14) verifying that TAb 251 
recognizes ectodomain and this binding alone is sufficient 
to compete the binding of the MAb to gp!85. 

15 

Nude mouse sera from mice bearing large tumors 
induced by the NIH3T3 t transfected cells can compete the 
binding to the NIH3T3 (c^erbB-2 expressing cells) lysate 
as shown in Figure 15. The ability to compete correlates 
20 with increasing tumor size; however, the assay is not 
sensitive enough to detect a signal distinct from 
non-specific interference at serum dilutions lower than 
1/160 (vol /vol) . 

215 Example 5 

Itetectiori of Shed c-erbBr-2 in Human Tumor Cell Culture 
Sup em ate 

i$0 Human breast tumor cell lines were cultured in T150 

flasks and labeled with 400 mCi of 35S-cysteine in 15 jil 
of cysteine and methionine-f ree mediun (Dulbecco's 
Modified Eagle's medium, DME H21, with 4.5 gm/1 glucose) . 
Cells were labeled overnight at 37 °C. After 24 hours, the 

35 medium was removed , protease inhibitors added (Leupeptin 1 

fig I \i\ , Boehringer Mannheim; Aprotinin 2.lMg//il# Sigma; 
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Pepstatin A 2.5 fig / nl, Boehringer Mannheim; and PMSF 0.1 
mM, Sigma) , and then concentrated to 4 00 jjI using an 
Amicon Centriprep 30. 

Prior to imraunoprecipitation, supernatants were 
stripped of non-specific protein A binding by incubation 
at 4°C for 4 hours with 100 Ml of a 50% slurry of protein 
A-sepharose beads. The beads and non-specif ically bound 
material were removed by a 30 second spin in a raicrofuge, 
and supernatants were removed to new tubes. Antibody 
(2 0^1 containing approximately 10 M9) was then added, and 
the mixtures were incubated for 24 hours at 4 °C on a 
rotator. The following day, 50^1 of the protein A slurry 
was added to the sample which was incubated for 4 hours at 
4°C on a rotator. The beads were then pelleted for 3 0 
seconds in a microfuge and washed five times with ice cold 
R1FA buffer (lOOmM Tris-HCl pH 7.5, 100 mM NaCl, 0.5% 
TritonX-100, 0.5% deoxycholate, 10 Mg/jil bovine serum 
albumin, 0.2mM PMSF) , Between the 3rd and 4th wash, tubes 
were changed. The final pellet was suspended in 50 /il of 
LaemMli sample buffer containing 1% beta-mercaptoethanol. 
Samples were heated to 75 for 5 minutes, spun for 30 
seconds in a microfuge, and loaded onto a 7% SDS 
polyacrylamide gel . 

The gels were stopped at approximately 120 mA-hrs and 
then fixed in 10% acetic acid, 30% methanol in distilled 
water for 45 minutes - 1 hour . After a quick wash in 
distilled water , gels were soaked for 1 hour in 250 ill 
fresh distil [led water. Gels were permeated with 250^1s 
•EnH an.ee (DuPont) for 90 minutes and equilibrated in 2% 
glycerol prior to drying onto filter paper. Dried gels 
were exposed to Kodak X-OMAT AR-5 X-ray film at -80°C for 
one to three days . 
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Detection of the soluble c-erbB-2 derivative (gp7 5) in the 
media supernatant of human tumor cells 

Figure 5 shows the ^utoradiogram of tissue culture 
5 supernatant from SKBR3 cells that was concentrated and 

precipitated with various antibodies. A distinct single 
band of approximately 75 kd was evident in those samples 
treated with c-erbB-2 antibodies (A29 and TAb 252) 
reactive with the extracellular domain. In contrast, no 

10 bands appeared in supernates treated with either a rabbit 

polyclonal antiserum made against a c-erbB-2 C-terminal 
peptide or with a monoclonal specific for the EGF receptor 
(Amersham) . The specificity of the 75 kd band derived 
from SKBR3 cells was further demonstrated by the ability 

15 of the same monoclonal, TAb 252, to precipitate an 

identical molecular weight species from 3T3 cells 
transfected with the c-erbB-2 oncogene (Figure 6) . Also 
shown in Figure 6 is the inability of TAb 252 to 
precipitate a 75 kd band from MDA468 supernate . That cell 

20 line expresses large quantities of EGF receptor, but does 

not express detectable levels of c-erbB-2. A larger 
molecular weight species of approximately 105kd was 
precipitated from these cells with an anti-EGF receptor 
monoclonal. 

25 

Precipitations were also done with super natants from 
a third cell line, MDA435, that expresses neither c-erbB*2 
nor detectable EGF receptor (Figure 6) , ana no bands at 
either 75 or 110 kd were detected. 

3© 

Example 6 

Detection of Shed Antigen in Human Sera 



35 



A panel of 20 human sera from breast cancer patients, 
on which sequential bleed dates were available, were 
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tested in the assay. Sera from normal volunteers indicate 
a background level of 1.68% in the assay (Figure 10) 
whereas sera from 3 patients (patients 4, 7 and 19) 
indicate shed antigen levels significantly above 
background (Figure 11) . The signal from these sera 
decrease in a parallel manner with the gp7 5 standard as a 
function of increasing dilution (Figure 12). Another 
panel of 88 breast cancer sera was tested in the assay and 
13 sera are detected as positive with levels significantly 
above background, varying from 9,9-1511 ng//il gp75 
equivalents. There seems to be no correlation between the 
amount of shed antigen as measured by the sandwich gp7 5 
IRMA and a commercially available diagnostic assay from 
Centocor (Table 6) . The Centocor assay is an FDA-approved 
assay for the diagnosis of human breast cancer which has 
been commercially available for several years. The 
Centocor assay measures a mucin, and was positive for each 
of the 13 breast aneer sera that tested positive in the 
IRMA gp75 assay. The IRMA gp75 assay, however, shows a 
slightly different gp75 profile for each patient whereas 
the Centocor assay's measure of the mucin level is more 
standard for each patient. The differences in gp75 levels 
may be indicative of varying disease status for different 
patients. 

Conclusion 

It is understood that the hybrid micro-organisms, 
recombinant DNA molecules and proteins/polypeptides and 
methods applicable to them of this invention are not 
limited to those described in the preferred embodiments 
above. The hybrid organisms, recombinant DNA molecules 
and protein/polypeptides may be modified during production 
or subsequently by known methods to good advantage. For 
example, more efficient control sequences may be used for 
transcription of the c-erbB-2 sequences, mutations to 
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•'5: 



reduce the synthesis of undesired products may be 
introduced, the protease levels in the host cells may be 
reduced , thermb^inducible lysogens containing the c-erbB-2 
sequences may be integrated into the host chromosome or 
•ether ; modifications and procedures may be carried out to 
<iMQrfeas% the number of sequence copies in the cell or to 
increase thfev i6ef 1>;S productivity in producing the desired 



■i 



mo 



Var ibus'v moM of the invention in addition to 

^:||^^^shpwrif :^L^/;describ<ed herein will become apparent to 
BPf^'^^ **** foregoing description. Such 

Jfc^ to be within the .scope of the. 
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36.4 
75. i 
3| . i 
&0 A 
37.6 
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9.9 
27.6 
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Ms^ thain $.10 ng//il is negative. 
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Centdcor 
CA15-3 RIA 
(units/^il)** 



164 
>200 
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4i 
>200 
>200 
37 
>200 
98 
43 
<200 
139 
75 
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The claims defining the invention are as follows 

1 . A recombinant DNA molecule comprising a DN A sequence that codes for 
the external domain of the c-erbB-2 protein (gp75) or for one or more portions of said 
gp75 r wherein said DNA sequence is operatively linked to an expression control 
sequence in said DNA molecule. 

2. A recombinant DNA molecule according to Claim 1 which codes for one or 
more portions of said gp75 wherein said portion or portions is or are serologically 
active, antigenic and/or immunogenic. 

3. A unicellular host which is either prokaryotic or eukaryotic transformed with 
) the recombinant DNA molecule of Claim 1 or Claim 2. 

4. A unicellular host according to Claim 3 which is eukaryotic. 

5. A unicellular host according to Claim 3 or Claim 4 wherein the recombinant 
DNA molecule is a recombinant cloning vehicle comprising a first and a second 
restriction endonuclease recognition site, said DNA sequence being inserted between 

5 said first and second restriction sites. 

6. A unicellular host according to any one of Claims 3 to 5 which is selected 
from the group consisting of strains of E. coli> Pseudomonas, Bacillus, yeast, other 
fungi, and animal, insect and plant cells in culture. 

7. A unicellular host according to Claim 4 or Claim 5 which is selected from 
0 the group consisting of yeast and mammalian cells in culture. 

8. A unicellular host according to Claim 7 which is a mammalian cell selected 
from the group consisting of monkey cells and Chinese Hamster Ovary (CHO) cells in 
culture. 

9. A unicellular host according to Claim 8 wherein the monkey cells are from 
25 the cell line COS7 and the CHO cells are from the cell line CHO-(dxbll). 

10. A recombinant DMA molecule according to Claim 1 or Claim 2 which is 
plasmid pFRSV-c-erbB-2 see . 

11. A purified and isolated DNA molecule for use in securing expression in a 
prokaryotic or eukaryotic host cell of a protein or polypeptide product having at least 

30 ;part of the amino acid sequence of gp75, said DNA selected from; 

(a) DNA molecules encoding for gp75 or fragments thereof; 

(b) DNA molecules which hybridize to the DNA sequence of a) or fragments 
thereof; and 

(c) DNA molecules which, but for the degeneracy of the genetic code, would 
35 hybridize to the DNA molecules defined in a) and b). 

12. A purified and isolated DNA molecule according to Claim 1 1 wherein the 
host cell is eukaryotic. 

13. Recombinant gp75 proteins and polypeptides. 
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14. Recombinant gp75 proteins and polypeptides according to Claim 13 which 
are glycosylated. 

15. Recombinant gp75 proteins and polypeptides according to Claim 13 or Claim 
14 which are serologically active, immunogenic and/or antigenic. 

16. Substantially pure, gp75 protein and any polypeptide portion thereof, 

17. Antibodies, both monoclonal and polyclonal to the recombinant gp75 
proteins and polypeptides of any one of Claims 13 to 16. 

18. A method of treating mammals for neoplastic disease by administering the 
antibodies of Claim 17. 

19. A method for producing gp75 proteins and/or polypeptides comprising the 

step:- of: 

(a) transforming a unicellular host with a recombinant DNA molecule of Claim 1 
or Claim 2; 

(b) culturing said; unicellular host so that said gp75 proteins and/or polypeptides 
are expressed; and 

(c) extracting and- isolating said gp75 proteins and/or polypeptides . 

20. A method of testing mammalian body fluids for the presence of gp75 which 
comprises contacting a composition containing antibodies to gp75 proteins and/or 
polypeptides, with a :s^l^c)f ^maiiMfiian body fluid aiid determining whether said 
antibodies bind to a ^(^eiiriri; said sample. 

21 . A. methpd ^ac^prding to Claim 20 wherein the mamma! ian body fluids are 
human body fluids selected from the 
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group consisting of serum, semen, plasma, breast 
exudate, urine, saliva, and cerebrospinal fluid. 

A method according to Claim 21 wherein the human body 
fluids are selected from the group consisting of 
serum, plasma, and semen. 

A method according to Claim 22 wherein the human body 
fluid is serum or plasma. 

A diagnostic method for neoplastic disease associated 
with c-erbB-2 amplification employing an immunoassay 
to detect gp75 in human body fluids. 

A method according to Claim 24 wherein the neoplastic 
disease is a tumor of an organ having a secretory 
function. 

A method according to Claim 24 wherein the neoplastic 
disease is a tumor of epithelial origin. 

A method according to Claim 24 wherein the neoplastic 
disease is associated with a tumor or tumors of 
tissues from the group consisting of salivary glands, 
thyroid gland, breast, ovary, prostate gland, brain, 
pancreas , gastrointestinal tract, urinary tract, and 
liver. 

A method according to Claim 27 wherein tissues are 
from the group consisting of breast, ovary and 
prostate. 

A method according to Claim 24 wherein the neoplastic 
disease is a breast adenocarcinoma and/or an ovarian 
adenocarcinoma. 
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30. A method according to any one of Claims 20 to 29 which comprises the use 
of a sandwich assay wherein one antibody is to intact gp75 external domain on a human 
cancer cell line and the other antibody is to intact gp75 external domain on NIH3T3 t cell 
line. 

5 31 . A method according to any one of Claims 20 to 29 which comprises the use 

of a sandwich assay, ELISA assay or equivalent assay which can be unamplified or 

amplified using avidin/biotin technology. 

32. A method for the determination of the presence of gp75 in mammalian body 

fluids wherein antibodies according to Claim 17 are employed. 
20 33. A method according to any one of Claims 20 to 29 wherein antigen in the 

sample of the human body fluid competes with a labeled gp75 or protein or polypeptide 

thereof for the binding to antibodies recognizing gp75. 

34. A method according to Claim 33 wherein a sandwich method is performed 

using antibodies to the gp75 proteins and/or polypeptides. 
15 35. A test kit for assaying gp75 in human body fluids which comprises: 

(a) antibodies to gp75 proteins and/or polypeptides and/or antibodies to whole 
cells expressing c-erbB-2; and 

(b) a detection means. 

36. A test kit for assaying gp75 proteins and/or polypeptides in human body 
20 fluids which comprises: 
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a) gp75 proteins and/or polypeptides and/or 
anti-idiotype antibodies to gp75 proteins and/or 
polypeptides ; and 

b) a detection means. 

A vaccine comprising an immunogenic amount of one or 
mo e substantially pure, gp75 proteins and/or 
polypeptides dispersed in a physiologically 
acceptable, nontoxic vehicle, which amount is 
effective to immunize a human against neoplastic 
disease associated with amplification of c-erbB-2. 

A vaccine comprising an immunogenic amount of cell 
membranes which express gp75 on their surface 
dispersed in a physiological ly acceptable , nontoxic 
vehicle, which amount is effective to immunize a 
human against neoplastic disease associated with 
amplification of c-erbB-2 . 

A vaccine ^cdor ding, to Claim 38 wherein the cell 
memb^aLnes >>#^:-.d<sriye'd- from cells that have been 
transformed to over express c-erbB-2 or from human 
cancer eeiil lines, 

A va^d^ne ?accprding to Claim 39 wherein the cell 
membr ane.s^#r e . derived from recombinant hosts 
transformed to oyerexpress a form of c-erbB-2 wherein 
thie internal domain is truncated . 

A fused protein or polypeptide comprising a gp75 
protein or polypeptide and attached thereto an amino 
acid sequence of a protein or polypeptide which is 
not immunogenic in humans and which is not typically 
reactive to antibodies in human body fluids. 
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42. A purified and isolated DNA molecule comprising the 
DNA sequence that codes for gp75. 

43. gp75 proteins and polypeptides which are prepared 
5 synthetically. 

44. A method for screening for neoplastic disease, 
diagnosing neoplastic disease, monitoring the disease 
status of patients with neoplastic disease, or 

0 prognosticating the course of neoplastic disease 

comprising: detecting and quantitating the level of 
gp75 proteins and/or polypeptides, antibodies to gp75 
protein and/or polypeptides, and ligand to c-erbB-2 
correlating the detected levels; and classifying 

5 patients as to their chances of long term survival or 
a time to relapse of the disease. 

45. A method according to Claim 44 performed after an 
operation to remove a tumor wherein the presence of 

6 gp7 5 iprdtein^pplypeptides 7 antibodies thereto, and/ or 
ligand to c^erbBr2 in the human body fluid is 
indicative <of metastases . 

46> A method of treating neoplastic disease associated 
5 with the aroplif ica^tion of c-erbB-2 comprising th 

administration of a therapeutically effective amount 
of gp75 protein ahd/pr polypeptide dispersed in a 
physiologically acceptable, nontoxic vehicle. 

0 47. A method according to Claim 46 further comprising the 
administration of a therapeutically effective amount 
of a chemotherapeutic agent or agents in conjunction 
with the administration of the g75 protein and /or 
polypeptide. 
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48. A method according to Claim 47 wherein the 
chemo therapeutic agent or agents aire alkylating 
agents . 

49 . A method' according to Claim 47 wherein the 
chemo^h er apeu t i c agerft or agents is or are selected 
f rom the l gr^oiip consisting of cisp latin carboplat in 
and : mepha'lan . 

50; A method ;of .treating neoplastic /disease associated 
With th^g^A^ comprising the 

^adma-tvi ^r;a t^ p ^ • vp^E « ; - tft^r^peu t ie aMy effective amount 
::<rty«?^i to • a- • mpnoc 1 ona 1 antibwv.y 

:; - : 'Vfe; '^j^^?^^ in # 

or* ,<^-< a* 34- 



-il^ 53^ ?#fie*'e in the gp7 5 

by _ 

^to a inohoclonal antibody to 




|giy<?pprotein or any portion 

-bf v ;th ; e ; ; cre^&?2 
r|>&^^ of approximately :--7'5j 




life 
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a diagnostic ^thoi for detecting the pre's^rvee o:f 
fru#&n tiusor cells which. ov.erexpB'es;si t&Ee 1 
external domain glycoprotein haying mc^#cm^r' 
weight of a^r.6ximateiy 75 kiloda#forifs in & 
body f ^iaid rwhigh comprises; 
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60. Anli-idiotype antibodies to antibodies to gp75 proteins and/or polypeptides. 

61. An assay to detect and quantitate ligand to c-erbB-2 in human body fluids 
employing gp75 proteins and/or polypeptides. 

62. An assay to detect and quantitate antibodies to gp75 proteins and/or 
polypeptides in human body fluids employing gp75 proteins and/or polypeptides. 

63. A process of purifying ligand to c-erbB-2 employing gp75 proteins and 
polypeptides. 

64. Antibodies according to Claim 17 which are not cross-reactive with 
antibodies to the intact gp75 which is on the surface of c-erbB-2 expressing cells. 

65. A method for producing gp75 proteins and/or polypeptides substantially as 
hereinbefore described with reference to any one of the Examples. 

66. A g P 75 protein and/or polypeptide when produced by the. method of Claim 

19 or Claim 65. 

67. A recombinant DNA molecule comprising a DNA sequence that codes for 
the external domain of the c-erbB-2 protein (gp 75) or for one or more portions of said 
gp75. substantially as hereinbefore described with reference to any one of the Examples. 

68. A purified and isolated DNA molecule for use in securing expression in a 
prokaryotic or eukaryotic host cell of a protein or polypeptide product having at least 
part of the amino acid sequence of g P 75 said DNA molecule being substantially as 
hereinbefore described with reference to any one of the Examples. 

69. A method for screening for neoplastic disease, diagnosing neoplastic disease, 
monitoring the disease status of patients with neoplastic disease, or prognosticating the 
course of neoplastic disease saio method being substantially as hereinbefore described 
with reference to Example 5 or Example 6. 

70. A method for producing gp75 proteins and/or polypeptides substantially as 
hereinbefore described with reference to Example 1 or Example 2. 

71. a diagnostic method for detecting the presence of human tumor cells which 
overexpress the c-erbB-2 external domain glycoprotein having a molecular weight of 
approximately 75 kilodaltons in a human body fluid said method being substantially as 
hereinbefore described with reference to Example 5 or Example 6. 

18 November, 1993 
Berlex Laboratories, Inc. 
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Figure 5 



Radioiirenunoprecipi tation of gp75 from SKBR3 Supernatant 
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Figure 6 



Radioiranunoprecipi tation of Supernatants From Various Cell Lines 
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